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NOTICES 


Suggested Amalgamation of the Institution of Aeronautical Engineers with 
the Royal Aeronautical Society 


At a Council Meeting held on June 15th, the result of the postcard vote on 
the proposed amalgamation of the Institution of Aeronautical Engineers with 
the Royal Aeronautical Society on the terms of the Beharrell Report was con- 
sidered. ‘The voting was so evenly divided, for and against, that the Council 
felt they were not justified in agreeing to amalgamation on the terms of the 
Report. 

A letter was written by Colonel the Master of Sempill, Chairman of the 
Society, to Mr. Molesworth, Chairman of the Institution of Aeronautical Engi- 
neers, explaining the position. As a result of this letter both sides have 
appointed representatives to sit on a Joint Committee to consider afresh the 
Beharrell Report and the possibilities of amalgamation on other terms, 


Consolidated Journal Index 

A consolidated subject index of the Journal has been prepared for Volumes 
I. NXAX., 1897 to 1926 inclusive, covering the whole of the completed volumes 
of the JOURNAL oF THE RoyAL AERONAUTICAL Society. Many articles and lectures 
are indexed under more than one heading, and the particular contents of mé6st 
lectures have been separately indexed to facilitate reference. Each reference 
gives the volume number, the vear, the month of publication and the page 
reference, 

The index is issued free to members of the Society only. To non-members 
the price is 2s. 6d. or 2s. gd. post free. 


Elections 
The following Members were elected at a Council Meeting held on June 14th, 
1927 
Fellow.—Major F. B. Halford. 
Associate Fellows.—Flt. Lieut. A. Ferrier, B.Sce., D. MeL. Ferrier, 
B.Sc., Mr. A. C. Lovesey, Lieut.-Col. F. C. Shelmerdine, Prof. 
Ph. Theoridides and Major H. R. Wight, M.C. 
Associute.—Mr, James Suthering. 
Members.—Mr. K. Hama, Mr. Basil Johnson, Mr. W. Lappin and 
Mr. G. Merton, 
Students.—Mr. S. Goldstein and Mr. G. Vultee. 


Vice-Chairman 


Sir Vvell Vyvyvan was unanimously elected Vice-Chairman for the period 
October, 1927, to September, 1928. 
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Colonel Charles Lindbergh 


The following telegram was sent to Colonel Lindbergh :—‘* Council of the 
Royal Aeronautical Society congratulate vou most heartily on your magnificent 
accomplishment of the first New York to Paris flight. A flight worthy of a 
countryman of Wilbur and Orville Chairman.” 

A banquet was given by the Roval \ero Club, the Royal Aeronautical Society, 
the Air League of the British Empire, and the Society of British Aircraft Con- 
structors to Colonel Lindbergh at the Savoy Hotel on Tuesday evening, 31st 


May. 
Mr. Clarence Chamberlin 


The Council sent a congratulatory telegram to Mr. Chamberlin on_ his 
Atlantic flight. 


The Edward Busk Memorial Prize 


The names of prospective entrants for the Edward Busk Memorial Prize 
must be received before September 30th. The closing date for the receipt of 
papers will be December 31st, 1927. The prize is of a value of twenty guineas. 


Further particulars can be obtained on application to the Secretary. 


The R.38 Memorial Prize 

The closing date for the receipt of names of entrants for the &.38 Memorial 
Prize, 1928, is December 31st. The prize is offered annually for the best paper 
received by the Society on some subject of a technical nature in the science of 
aeronautics. Other things being equal, preference will be given to papers which 
relate to airships. The prize is open to international competition, and is of the 
value of twenty-five guineas. 


Library 


A subject and authors’ index of the books in the Library is in active 
preparation. It is hoped to have it ready for issue towards the end of the 
summer, 

Captain H. Barber has kindly presented to the Library a copy of the eighth 
edition of ** The Aeroplane Speaks.”’ The Council desire to acknowledge the 
gift with thanks. 

Members are reminded that all grades are entitled to borrow books and 
slides from the Society. These can be sent by post on condition that the borrower 
pays the postage both ways. 


The following publications have been received: 
REPORTS OF THE NATIONAL ADVISORY COMMITTEE FOR AKRONAUTICS. 
No Tithe luthors. 


223 Pressure Distribution on the C.7 Airship --» J. W. Crowley and S, J, 
De France. 
Interaction between ir Propellers and Airplane 
237 Tests on Thirteen Navy Type Model Propellers WW, F. Durand. 
239 «6©Power Output and Air Requirements of a Two- 
Stroke Cycle Engine for Aeronautical Use C. KK, Paton and C 
Kemper. 
240 Nomenclature for Aeronautics 
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No. Title. Authors 
241 Electrical Characteristics of Spark Generators 
for Automotive Ignition Be) De OW. 
Randolph and B. 
Silsbee. 


243. Preliminary Study of Fuel Injection and 
2460 Tables for Calibrating Altimeters and Computing 
Altitudes based on the Standard Atmosphere W. G. Brombacher. 
248 The Corrosion of Magnesium and of the Mag- 
nesium .\llovs containing Manganese 
249 A) Comparison of the Take-Off and Landing 
Characteristics of a Number of Service Air- 


J. Aw Boyer. 


250 Description of the N.A.C.A. Universal Test 
Engine and Some Test: Results Weare: 
251 Approximations for Column Effect) .\irplane 
Wing Spars .. E. P. Warner and Mac 
Short. 


252 The Direct Measurement of Engine Power on an 
Airplane in Fheht with a Hub Type Dyna- 
mometer Dovevand Mo W 

Green, 
3 Flow and Drag Formulas for Simple Quadrics ... A, FF. Zahm. 
Distribution of Pressure over Model of the 
Upper Wing and Aileron of a kokker D.VIT. A, J. Fairbanks. 
255 Pressure Distribution over Aerofoils at) High 


Drvden, 
Bibliography of Aeronautics, 1923 and 1924... N.A.C.A, 


TECHNICAL NOTES oF THE NATIONAL .\WDVISORY COMMITTEE FOR AERONAUTICS. 


248 The Drag of Airships. Drag of Bare Hulls—II. C. H. Havill. 
249 Effect. of Protruding Gasoline Tanks upon. the 


Characteristics of an A\ecrofoil Jacobs: 
250 Influence of the Orifice on Measured Pressures .... P. E. Hemke. 
251 The Effect of Tube Length upon the Recorded 


Pressures from a Pair of Static Orifices in a 


Mixon, 
252 Resistance of a Fifteen-Centimeter Disk .. J. M. Shoemaker. 
253 Wind Tunnel Standardisation Disk Drag . M. Knight. 
254 Method of Correcting Wind Tunnel Data’ for 


Omitted Parts of Airplane Models 
255 Precision of Wing Sections and Consequent 
256 Wall Interference in Closed Type Wind Tunnel 


R. H. Smith. 


Rizzo. 


J. Higgins. 


ms 


OTHER PUBLICATIONS. 
‘“Magneto Manual,’’ by H. R. Langman. 
‘* Modern Ignition,’? by H. H. U. Cross. 


“Internat. Studiengesellschaft zur Erforschung der Arktis mit dem 
Luftschiff (Aeroarctic).”’ Verhandlunger der I Ordentl. Versammlung 
in Berlin, 9-13 November, 1926. 
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‘Manual for the Care and Maintenance of the Bristol Jupiter \ero Engine. 
Series VI"? The Bristol Aeroplane Company, Limited. 

* Flying for Air Survey Photography,’’ by F. Tymms and C. Porri. 

R. & M., No. 1,050. Reports and Memoranda of the Aeronautical Research 
Committee published between the ist January, 1925, and the 28th 
February, 1927. 


Leeds Branch 


The President of the Society, Air Vice-Marshal Sir Sefton Brancker, has 
consented to deliver the inaugural lecture of the Session arranged by the Leeds 
Branch of the Royal Aeronautical Society. The lecture will take place on 
October 25th. 


Associate Fellowship Examination 


Provided that a sufficient number of entries is received, the Society’s 
examination for candidates otherwise not qualified for Associate Fellowship will! 
be held during the third week of September. Intending candidates should for- 
ward their entry forms as soon as possible and in any case before the third week 
of August. 


J. Lavrence Prircuarp, Secretary. 


OBITUARY 
COLONEL JOHN DAviDSON FULLERTON 


It is with very great regret that the Council have to record the 
) 


death of Colonel J. D. Fullerton, who died on June 17th, 1927. 

Colonel Fullerton, who was the son of Lieutenant James Fullerton, 
of the 16th Bengal Native Infantry, was born in India on July 13th, 
1853, and educated at Cheltenham and the Roval Military Academy, 
Woolwich. He served in the Afghan War (1879-80) and the 
Burmese Expedition (1885-87) and was) four times mentioned — in 
despatches. He retired in igo5 with the rank of Colonel. 


Colonel Fullerton always took the liveliest interest in acronautics 
and was on the Council of the Society for many vears, and for two 
years its Honorary Secretary. During the period he was Honorary 
Secretary the Society passed through a difficult and critical time and 
Colonel Fullerton put in an immense amount of 


good work, helping to 


place the Society on a sound footing. 
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PROCEEDINGS 
FirTH MEETING, SECOND Har, 62ND SESSION 


The Fifth Meeting of the Sixty-second Session of the Royal Aeronautical 
Society was held in the Theatre of the Royal Society of Arts, 18, John Street, 
Adelphi, W.C.2, on Thursday, March 3rd, 1927, when Messrs. L. W. Bryant 
and S. B. Gates read their joint) paper on ** The Spinning of ‘Aeroplanes.”’ 
Colonel the Master of Sempill, Chairman of the Society, was in the Chair. 


THE SPINNING OF AEROPLANES 


BY L. W. BRYANT, B.SC., A.R.C.SC., OF THE NATIONAL PHYSICAL LABORATORY, AND 


S. B. GATES, M.A., OF THE ROYAL AIRCRAFT ESTABLISHMENT. 


INTRODUCTION 


We should like to preface our essay on the subject of spinning by mentioning 
the circumstances under which our investigations were carried out and the sources 
of our information. The Panel of the Aeronautical Research Committee which 
has been appointed to deal with all questions.connected with the stability and 
control of aeroplanes was requested in 1924 to consider the urgent problems 
connected with the alarming accidents due to certain machines failing to recover 
from a spin. After the issue of a preliminary report® on the situation by the 
Panel, the writers of this paper were asked to go into the whole question as far 
as existing information from full-scale and wind tunnel experiments would 
permit. We have had ready access to all available data, coming chiefly from 
Farnborough on the full-scale side, and from the N.P.L. on the model side. 
Many of the critical experiments were carried out whilst the theoretical investiga- 
tion was in progress, and without the stimulus of these results due to the staffs 
at Farnborough and Teddington, we should not have gone far. We have also 
great pleasure in acknowledging the assistance and inspiration freely accorded us 
by the members of the Stability and Control Panel, whose co-operation and 
helpful criticism has been of the utmost value. 


§ | History OF THE SPINNING PROBLEM 


The history of spinning is of a kind familiar to students of aeronautics. 
There was a first stage of almost complete ignorance, :n which the motion was 
regarded as a disastrous consequence of the lateral instability of an aeroplane 
above stalling incidence. The clue that ‘spinning is essentially a phenomenon 
of incidence above stalling was then followed up by one or two courageous 
pilots, who realised that to recover from a spin it is necessary first to depress 
the nose of the aeroplane still further, not to elevate it, as might be hastily 
supposed. The first scientific experiments on spins were conducted at Farn- 
borough during the war; from the measurements made the true character of 
the spinning motion was deduced and the balance of forces explained in rough 
outline, Thus the spin, in the second stage of its history, was shorn of much 
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of its terrors in the hands of the competent pilot and became indeed, during 
the war, a routine manoeuvre of some tactical fighting value. At the same time 
theoretical workers became clear as to what in general terms a spin is; it was 
not, however, at all clear how the large incidence typical of a spin could be 
attained and maintained in the steady motion. The third and present stage of 
the subject is that in which practical and theoretical work becomes systematised, 


and in which we seek constantly to get a closer and more scientific grip of the 
whole subject. The main questions to be answered at this stage are two :- 


(a) What is the mechanism of the growth and maintenance of the large 

incidence and large rate of rotation which are characteristic of a spin? 

(b) What features of the design of an aeroplane are specially favourable to 

the development of a spin or specially unfavourable to quick recovery 
from a spin? 

It is hardly necessary to labour the complexity of the subject or to confess 
that we cannot at present answer these questions completely. Recent work 
however has yielded partial and tentative answers to most of the vital questions 
and we propose to give some account of this. 


§ 2. DESCRIPTION OF THE MANGUVRE OF SPINNING 


To get a rough general idea of what is involved in the manoeuvre of spinning, 
we may trace the sequence of events, from stalled straight flight, through the 
motion of entry, to the steady spin, and thence back through the motion of 
recovery to straight flight below stalling incidence. It is now usual, in experi- 
mental spinning work, to stall the aeroplane in straight flight before using the 
lateral controls. \WWe can therefore take as our point of departure the aeroplane 
gliding with stick full back at an incidence just above the stall—say 20°—and the 
body axis approximately horizontal. The rudder is now put over hard to the 
right. The aeroplane begins to turn to the right and sideslip to port, and at 
the same time both the nose and the right wing begin to drop. This initial train 
of events, the incipient spin, is of the greatest importance in the study of the 
general question of control at low speeds. It appears to be cumulative in action, 
so that the nose continues to drop and the angular velocities about the body 


axis (rolling) and the normal axis (vawing) continue to increase. After a few 
seconds a condition which is sensibly steady is reached. This is the steady 
spin. The aeroplane is now rotating at a high angular velocity about the vertical, 
the time of a turn being about 24 seconds. The body axis 1s inclined to the 
horizontal at a considerable angle, usually not less than 45°, and the wing span 
is roughly horizontal. The C.G. of the aeroplane is describing a very steep 
spiral path on a vertical cvlinder whose radius is usually less than the aeroplane’s 
span and may become very small. The pilot is, roughly speaking, facing the 


axis of this cylinder, which frequently passes so close to him that he is sensible 
of no horizontal velocity, but only of a rate of descent and a rotation about the 


vertical. The aeroplane is descending quite slowly, at a speed between 7o and 
100 ft./sec., and there is usually a small component of sideslip. The angle of 


incidence of the centre section is always far in excess of stalling incidence and 
varies in fast spins from 30° to 50° and over, 

It appears that the cycle of changes described above as following on applica- 
tion of the rudder will also follow a small disturbance either from straight stalled 
flight or from a banked turn when the stall is exceeded. Thus the incipient 
spin is not only a motion which can be induced by the controls, but is also one 
which frequently follows an involuntary passage bevond the stall and requires 
very prompt and skilful movement of conventional controls to check. 

If the spin is carried out with the engine running, it will probably happen 
that there is a very noticeable difference between spins to the right and left 
with given contro] settings. 
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It has further been observed that the same aeroplane does not always spin 
in quite the same way on different flights and in the hands of different pilots, or 
an individual acroplane of a given type may not spin quite in’ the accepted 
manner characteristic of the type. In fact there is every reason to suspect that 
the conditions of equilibrium in the steady spin are very sensitive to some factors 
which have hitherto been very imperfectly understood, 

To make the recovery from the steady spin the pilot will usually ease the 
stick forward and centralise the rudder. The rotation can often be stopped by 


centralisine the rudder without moving the stick, but the smoothest and safest 


recovery is obtained by the use of both controls. As soon as the rotation is 
stopped the aeroplane gathers speed in an almost vertical dive, from which it is 
gently pulled out. The motion of recovery takes about to seconds to complete, 


during which height varying from 300 to 1,000 ft. and over 1s lost. 

Milerons of conventional design may of course be used in this’ series of 
manceuvres, but pilots have a very poor opinion of their efficacy in the motion 
of recovery, and study of their action in the incipient spin has shown it to be 
essentially unsatisfactory either in checking or in producing an angular velocity 
about the body axis. 

The above is a summary of what may be expected to happen in the spin 


of an average aeroplane. great many rough observations on the spinning 
properties of different types have been made, but it is difficult to disengage a 
clear general statement from the mass of pilots’ evidence. Their observations 


amount to this, that some aeroplanes flick into a spin and some do not. Further, 
it appears to be true that the great majority of aeroplanes comprise a central 
class in which fast spins can be started by some action of the lateral controls, 
and of these there are some which have been observed to spin at moderate rates 
with the lateral controls held neutral. On one side of this class there are a few 
types which fall into a fast spin with abnormal ease, or which attain very high 
rates of rotation when put into a spin; the B.A.T. Bantam and the Springbok 
are examples of the latter condition. On the other side there are a few types 
such as the Vickers F.B.14 and B.E.2c with R.A.F.1g section, which have 
proved very difficult to put into a spin even by full use of rudder and ailerons, 
To the research worker the most interesting features of the motion outlined 
above are the high angle of incidence and the large rate of rotation about the 
body axis which are maintained in the steady spin. The mean angle of incidence 
is very much larger than that which can be maintained in straight flight with 
the stick hard back, and a large rate of roll is accomplished with neutral ailerons. 
The elucidation of these facts is the central mechanical problem of the spin. 
To the pilot and designer, on the other hand, the central problem is that of 
providing controls powerful enough to effect a prompt transition from any stage 
of the spinning manceuvre to a state of level flight below stalling incidence. In 
this connection the most significant feature of the spinning manoeuvre is the 
unescapable fact that recovery from it entails a great loss of height. <A large 
part of this loss of height is inevitable in any case, since it is that lost in pulling 
out from a steep dive after the rotation is stopped. That spinning in any of its 
stages is a manoeuvre which requires a large amount of vertical air room is 
abundantly clear from the disastrous records of fatal spinning accidents. These 
records show in fact that the majority of accidents traceable to spinning have 
been the consequence, not of failure to recover from a fully developed voluntary 
spin, but failure to regain control of an involuntary incipient spin following 
on a passage beyond stalling incidence near the ground when taking off or when 
coming in to land. The nature of the successful control of the involuntary 
incipient spin has been closely studied by the Stability and Control Panel, and is 
really outside the ambit of the present discussion. What more immediately 
concerns us is whether, after a survey of the present trend of design of small 
aeroplanes, it can confidently be said that the controls with which they are 
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commonly provided are sufficient to ensure recovery from a full spin without an 
excessive loss of height. At the present time a pilot of average competence 
might be inclined to say with some confidence that he could recover from the 
spin of any aeroplane now flying, given an unlimited amount of air room. This 
is probably true with one or two exceptions, but we shall argue later that the 
margin of control is becoming vanishingly small, and that there is definite need 
in the routine design of the tail unit to take some account of the couples it may 
have to provide in recovering from a fast spin. 

From this summary survey of the available facts we pass to a_ closer 
consideration of the geometry and mechanics of the steady spin. It will be 
convenient to divide this into two sections. In the first, assuming that the 
aeroplane can be held in a steady spiral motion at a large mean angle of 
incidence, we analyse in geometrical terms the aeroplane’s attitude and examine 
the balance of forces. In the second, we examine the various component couples 
which arise and endeavour to suggest how the balance of couples is maintained. 


§ 3. THE PROTOTYPE SPIN 


The precise description of the angular position of an aeroplane in a spin 
requires a rather complicated geometrical apparatus. Before proceeding to this 
it is possible to get a very clear, comprehensive and approximately correct. idea 
of the aeroplane’s typical orientation and of the balance of forces by considering 
the most simple type of spin, namely, that in which the plane of symmetry is 
vertical and passes through the axis of the spin. In this prototype spin_ the 
component of the linear velocity in the plane of symmetry ts vertical, the hori- 
zontal component of the velocity is purely sideslip and the wing chord is inclined 
to the vertical at the mean angle of incidence. The balance of forces in the 
plane of symmetry is indicated in Fig. 1 on the assumption, which is approxi- 
mately correct above stalling incidence, that the resultant air force in the plane 
of symmetry is perpendicular to the chord. 


Let V be the vertical velocity in ft. per sec. 


W horizontal 

a angle of incidence at the centre of the wings. 
AY rate of rotation in radians per second. 

R radius of the spin—ft. 

w normal wing loading—lbs. /ft.* 

nw wing loading in the spin, 

[a lift and drag coefficients. 

p air density—slugs/ft.* 


The relations of drag and lift can be expressed respectively by the equation :— 

k, pV?7=( w/g) 
since the centrifugal force is mOQ?R, m being the mass of the aeroplane. 

For the load factor n in the spin we have 

{I+ } =cosec a 
on the assumption that the resultant force is normal to the chord. The hori- 
zontal velocity W (perpendicular to the plane of the paper in Fig. 1) is given by 
W=QR 

The inclination y to the vertical of the path of the centre of gravity of the 

aeroplane is given by 
tan y=W/V=OR/V; 

the centre of gravity describes a curve on the surface of a vertical cylinder of 
radius R which is such that the tangent to the curve makes a constant angle Y 
with the vertical, 
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’ 

Finally, it is illuminating to relate the angular velocity Q to the linear 
velocity V by considering the non-dimensional quantity 
A=98/V 
where s is the semi-span of the wings. This gives a measure of the incidence 
variation along the span due to @; for if the incidence at the central chord be a, 
the incidence at the wing tips will be 

a+tan772A 


Resultant Aerodynamic Force 


= 
Centrifugal Force (of 


Angle of Incidence. | q \ Direction of Wing Chord 


Weight | Radius te Axis of Rotation 
oF Spiral 


} 
Oirection of Motion 
ia. 1. 


Attitude in the Prototype Spin. 


From these relations we can get a good rough idea of the magnitude of 


some of the most important characteristics of a typical spin, We may for 
instance start with values of 

(a) s, which fixes the size of the aeroplane. 

(b) a and A, which fix the incidence at any point of its span, 

(c) w, the normal loading, 
and proceed to calculate values of V, Wy y, Rand n. The following are some 


values obtained, starting from s=2oft. (typifying a two-seater aeroplane of 
conventional design), with w=6 and 10, « varying from 20° to 60° and A varying 


from 0.2 to 0.6. 


s=20ft. 
a ky ky n=cosec a 
20 0.55 0.20 2.93 
4o 0.48 0.40 1.55 


60 O. 32 0.55 T. 


| 
\ | 
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(1) w=6. (2) 
a R IV y a R Y 
rads rads 
deg f.s per sec, {t devs degs per {t d ys 
20 112 70.5 79 20 145 1.45 [2.2 O41 23 
4o 79 18 31 102 1.02 36.3 20.5 
60 68 0.68 22 &S 24.2 21 
A=C.4 
20 112 2.24 17.0 39 1Q 20 115 2. SY 10.0 31 12 
4o 79 1.58 24 17 102 2.04 Q.2 1G) 
60 68 1.30 10.1 12 88 0.1 
A—0.0 A=0.6 
20 112 3.30 7.0 20 13 20 145 1.35 Lay 20 8 
40 79 2337 6.8 16 iis 40 102 3.06 4.1 12 60.7 
60 68 2.04 15 i) 7.5 60 88 2:03 2.7 7 4.6 


The most interesting conclusions from these figures may be summarised 
thus: 

(a) The loading » lies between 1 and 3 and decreases as the incidence 
increases. Thus acceleration rises dangerously only spins just 
above. stalling incidence, and even in these the experienced 
by the wing as a whole is less than sometimes occurs in pulling 
out from a vertical dive or in turning horizontally at small radius, 

(b) The velocity of descent does not exceed 150 f.s. for the high loading 
and has a maximum value of 112 f.s. for the lower loading. It 
decreases with increase of incidence. 

(c) The angular velocity © increases with A at a given. incidence, and 
at a given A decreases as incidence increases. If we remember 
that A increases with a (see lk below), we may expect © to lie 
commonly between 1.5 and 4 radians per sec., corresponding to 
periods of 4 to 1.5 secs. per turn. 

(d) The radius PR varies from almost zero to three or four times the 
semi-span, its mean value being of the order of the semi-span. It 
decreases very rapidly as A increases and more slowly as o increases. 

(e) The effect of increase of weight (i.c., of w) is to increase the velocity 
of descent and the angular velocity and decrease the radius at given 
a and r. 

(f) The spiral path grows steeper as a, A and w increase. 


Most of these results have been amply verified by full-scale observations. 
It may be as well here, for the sake of a complete summary, to anticipate one or 
!wo more general results which arise from a discussion given below of the 
‘alance of couples. The above simple discussion of the balance of forces can 
vive us no information regarding either the magnitude of A or its relation to a. 
lurther study will show that 

(y) A varies from 0.2 to 0.8 in extreme cases, so that the difference in 
incidence at wing tip and centre may be as great as 40°. 

(h) X increases in general with a, and usually at such a rate that 2 also 
increases with a. 

(k) We therefore have the interesting and important general result that 
as the mean incidence increases, the variation in incidence along 
the span and the angular velocity increase and the radius, rate of 
descent, and loading decrease. In general terms, spins of high rate 
of rotation oceur at large incidence, small vertical velocity and 
radius, and do not involve large accelerations. , 


* It is found that A increases in general with a, 
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Balance of forces along the lateral axis (perpendicular to the plane of the 
paper in Fig. 1) requires that the aerodynamic force in this direction shall be 
zero. In this respect the prototype spin fails to be representative, for in general 
the lateral acrodynamic foree (which is due to sideslip, rate of rotation and 
rudder setting) is not zero. It is, however, always small compared with the 
aerodynamic force in the plane of symmetry, and is balanced by components of 
gravity and centrifugal force which are small because the lateral axis is usually 
inclined at a small angle both to the horizon and to the radius of the spin. It 
may be said, indeed, that the balance of forces along the lateral axis is com- 
paratively unimportant in a spin, 


§ 4 THE ANGULAR GEOMETRY OF A SPIN 


4.1. To describe the angular position of an aeroplane in a spin in general, 
we represent on a spherical diagram the position of a system of axes fixed in the 
acroplane. It is convenient to work with a wind axes system defined as follows : 

The origin O is at the centre of gravity of the aeroplane, 

is forward along the direction of linear motion in the plane of 
symmetry. 

Oy is perpendicular to the plane of symmetry, to starboard. 

Oz is perpendicular to Ow in the plane of symmetry, downward in level 
Night. 

When discussing the balance of couples we find it advisable to use chord 
axes In the plane of symmetry, Ow and Oz being replaced by 

Ox’, forward along the chord. 
Oz', perpendicular to Ow! and directed downwards. 

The lateral axis in the chord system is Oy, the same as in the wind system. 

Two views of the wind and chord systems of axes in the prototype spinning 
attitude are given in Fig, 2; the axes in this figure are all represented by lines 
of equal length, 

The position of the aeroplane in the spin is referred to axes Ow, Oyo, O%o- 
fixed in space so that Ow,, Oy, are horizontal, by means of the usual angular 
co-ordinates Uv, 6, @ The system ar, y, 2 is derived from the coincidence with 
the system wt, Yo, 2 by three angular displacements : 

(1) A rotation vin azimuth about Oz,, sense « to 43 followed by 

2) A rotation 6 in pitch about the new position of Oy, sense a to Zz; 
followed by 

(3) A rotation @ in bank about the new position of Ow, sense y to z. 


The rotation @ is usually taken to be from z to w, é.e/, upwards. As in 
spinning motion this rotation 1s always downwards we shall avoid the use of 
negative quantities by taking 6 to be positive from a to z. In the description 


of steady angular motion we may take ¥ to be zero and are concerned only with 
the two co-ordinates 6 and @. 
4.1.1. The velocity system referred to aeroplane axes: 
(a) Linear Velocity.—The resultant linear velocity is |’; its direction rela- 
tive to the aeroplane is specified by two angles: 
a, the angle of incidence,,i.e., the inclination to the chord of the velocity 
component in the plane of symmetry, 
8, the angle of sideslip, i.e., the inclination of the resultant velocity to 
the plane of symmetry. 


Thus the linear velocity components referred to wind axes are :- 
u==Vcos along Ox 
sideslip v=V sin 6, along Oy 
zero along Oz. 
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(b) Angular Velocity.—The resultant is © (which is equal to dy/dt) about 
the vertical. Its components about the wind axes are p, q, ', respectively, and 
these are related to {2 by means of 6, @, as follows 

sin @ 
© cos @ sin (p (1) 
cos 6 cos @ 
We shall sometimes refer to the components p’, q’, 1 of © about chord 


axes 
p'=pcosa—rsina 


=p sina+rcosa 


(2) 


FIG. 3. 


The Geometry of a Spin. 


4.1.2. Fig. 3 is a spherical diagram of the position of the wind axes in a 
typical spin to the right, i.e., one in which the motion about the flight path is 
+ that of a right handed screw. The observer is supposed to be looking vertically 

downwards on the sphere of unit radius, of which O is the centre and z, the 
nadir; in fact the view is that of the inside of a hemispherical bowl and it is 
necessary to distinguish clearly between, c.g., OG which is a radius and z,G 


which is an are of a great circle. 
are the axes fixed in space from which the axes wyz are derived. 


Boy Yor “a 


NG) 
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The first rotation is a piteh 4 from w, towards about Oia, giving the 


position xy where wr, — 6. 


oy 49 


The second rotation is a bank » from y, towards 2, about Ox, giving the 
final position where yoy=¢. 

Since wyz are wind axes, the linear velocity in the plane of symmetry Ozer 
is along Ox. 
and 
hence the centre of the spin is some point in Oy,, and the centrifugal force 1s 


If there is no sideslip, the direction of the horizontal velocity is Our, 
directed along Oy',. 

If there is a positive sideslip angle 6, the resultant velocity is directed along 
OP, P being a point in wy such that P=. The horizontal velocity 1s now along 
OA, where 7.16, and the aeroplane is spinning about some point in OC, where 
OC is perpendicular to OA, The centrifugal force is now directed along Ob, 

Thus if the angular position of the aeroplane is fixed, the effect of sideslip 
is to alter the direction of the axis of the spin relative to the aeroplane axes. 
In the spin with sideslip, the resultant of gravity and centrifugal force acts along 
OG, where G is a point in 2,8 such that sec z,G@=n, if the resultant acceleration 
is ng. Thus the resultant air foree must be along GO. 

The intersection N of yG with zr is such that NO is the direction of the air 
force in the plane of symmetry. 

The incidence « is given by 2M, where OM is the downward direction of the 
normal to the wing chord. In most spins MV is approximately coincident with N. 


}-1.3. Several of the aspects of the motion appear clearly from the figure 
thus: 

(a) The aeroplane is spinning about an axis intersecting OC at. right 
angles (perpendicular to the plane of the paper), the radius being 
along OC, 

(b) The linear velocity is along OP, and P.l is 6@,, the pitch of the 
helical path (@,—6 in the absence of sideslip). 

(c¢) The resultant force due to gravity and rotation is along OG, and is 
balanced by lift along 20, drag along #0 and side force along Oy. 


4.2 Limits to the Geometrical Quantities 

(1) Piteh and Bank.—Vhe definition of a spin as a spiral motion in which 
the mean incidence is above stalling sets no definite limit to the values of @ and @. 
But we are mainly concerned with equilibrium in a spin maintained by full use 


of the controls. Full-scaie observations on such spins have shown that the pitch 
6, of the helical path is in the neighbourhood of 90°. We shall therefore only 


discuss cases in which @, is greater than 60°, and it will be seen that only in 
extreme*cases do @ and @ fall below this value. Apart from this more or less 
arbitrary limitation, @ and @ may have any values. In particular it is important 
to realise that neither #@ nor @ is limited to be less than go° if the spin is 
accompanied by sideslip. Consider, for instance, a right hand spin without side- 


slip in which @>>go°. In this case the horizontal velocity is along O.’!,, so that 
the centre of the spin is in Oy!,. This implies that the lift must be negative in 


order to balance the centrifugal force, and so the motion is probably ruled 
out for aerodynamic reasons. If, however, there is negative sideslip, a right 
hand spin with 6> 90° does not violate aerodynamic conditions, for the hori- 
zontal component of sideslip may be great enough to give a resultant horizontal 
velocity to the right in the spherical diagram, and so the centrifugal force still 
requires a positive lift for balance. These conditions have actually been observed 
in full-scale spins. The dividing case is 4=9g0°, where @ becomes indeterminate 


and indistinguishable from the azimuth co-ordinate UJ, and in the absence of 


sideslip, the radius vanishes, G coincides with z, and the lift must be zero. 
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(2) Sideslip.—The angle of sideslip 8 may be of cither sign, although the 
negative sideslip condition is the one in which the balance of forces and couples 
can usually be better understood. There is no necessary connection, between the 
sign of 8 and the side of z2 on which G lies, t.c., the sign of the lateral com- 
ponent of the acceleration. 

(3) Aerodynamic considerations show : 

(a) That the direction of the resultant force in the plane of symmetry 
probably never departs far from the normal to the wing chord ; 

(b) That the side force is always a small fraction of the resultant force 
in the plane of symmetry. 

It follows that the points M, N and G are always close together on the 
spherical diagram. As the incidence increases, f/f) moves towards x and G 
towards 


4.3 Notes and Deductions from the Angular Geometry of the Spin 


1. It will appear from what has already been said that the frame of wind 
axes yz of the aeroplane can be fitted into the frame z,4b6 of the spin when 
the following are known: 

(a) @, the pitch of the helical path ; 

(b) the angle of sideslip; 

(c) The direction of the resultant aerodynamic force referred to awyz: 
for these are equivalent (see spherical diagram Fig, 3) to fixing P and G in both 
frames. 

It is possible by assigning limits to (a), (b), (ce), to give a general description 
of the position of the aeroplane in a fast spin as viewed, for instance, by an 
observer at the centre of the spin and on the same level as the C.G. We shall 
make the following assumptions : 

(a) The pitch 6, is greater than 60°. As observed above, this simply 
represents what appears to happen when the control movements 
are large, 

(b) The sideslip angle 3 lies between + 20°. These limits are rough 
ones. obtained, as will be seen later, from consideration of the 
balance of couples. 

(e) (4) The aerodynamic force in the plane of symmetry is perpendicular 
to the chord. At incidences above stalling this approximation. 1s 
extremely close for an aerofoil without rotation, and the effect of 
rotation and sideslip is itself small. 

(2) The inclination « of the resultant aerodynamic force to the plane 
of symmetry lies between 45° (positive when lateral force is to 
starboard). It a... cars that the total lateral force is never more 
than 1/10 of the force in the plane of symmetry and is usually 
much less. 

Thus, when @,, o, © and § are given, the angular position of the aeroplane 
in the spin is uniquely known. 

For visualising purposes, it is best to consider aeroplane axes in relation 
10 the radius and tangent plane of the evlinder on which the spiral path lies, and 
in this connection the following angles, in addition to 6 and @, will be used: 


@, inclination of ‘‘ outer’? span (negative y in right hand spin) above 
the horizon. 

4, inclination of lift direction (negative 2) above the horizon. 

x angle between the radius and the horizontal projection of the lift 
direction (positive when the latter is on the same side of the radius 
as the direction of horizontal velocity), 


p inclination of resultant force to horizon. 
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4.3.2. Starting with various combinations of 6,, a, ¢ and £, the angles 


0, @, O,, 0, x and » have been found. The following is a typical set of values 


’ 


at given #, and o, when e and (2 are varied: 


7, «= 30. 
(1) e=5° (lateral force to starboard). 
20 100 gO re) 308 
—10 5 I 13 6 21 
oO So 78 2 303, 
Ke) 70 81 3 29 
20 O1 82 29} | 203 261 


— 20 100 85 a) I 6 28 
-10 ra) 30 
re) rare) 83 I 6 304 
10 704 84 2 12 30 
20 bol 84 20} 3 164 28} 
(3) e= 5 (lateral force to port). 
— 20 100 rif 1O 2 12 26 
10 G2 7 2 14 7 29 
Qo 1c re) 304 
20 bo! 87 2 113 30h 


We note at once from these figures : 


(uv) @ is always in the neighbourhood of go° (except of course when @ 
passes through go° and » becomes indeterminate). 

(b) 6 is nearly equal to 6, — fp. 

(c) 1s nearly equal to 

(d) 6, is always small. 

(e¢) x Is comparatively small, but may be as much as 20°. 

(f) # is nearly equal to a, 

Thus the lift axis is always very nearly horizontal, but it may pass to either 
side of the radius and be considerably inclined to it; and the outer span may be 
inclined considerably on cither side of the horizontal plane, its inclination being: 
approximately 7/2 6. 

Considering Table (2) we may trace as follows the influence of £8 on the 
angular geometry as it would appear to an observer on the axis of the right hand 
spin at the same level as the C.G, and facing it. With large negative sideslip 
the lift axis passes to the observer's left) and slightly inclined below the 
horizontal; the outer or port span is on the side of the tangent plane towards 
the observer and is inclined below the horizontal plane. As the negative side- 
slip diminishes to the value @, 7/2 the lift axis rises and approaches the radius, 
the outer span rises and approaches the tangent plane. When B=6,—7/2, the 
spin is the prototype; the lift is horizontal and along the radius, the span is 
horizontal and in the tangent plane. .\s 6 becomes positive, the lift axis moves 
slightly upward and considerably to the right of the observer and the outer 
span moves outward from the tangent plane and upward. 


The inclination ¢ of the resultant force to the plane of symmetry has little 
effect on @, and @,, but its influence on @, x and p is appreciable. . Its chief 


(2) « o (lateral force zero). 
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effect is such that a growth of lateral force to starboard shifts the lift axis to 
the observer’s right. 

4.3.3. We have now to see how these results are modified by changes in 
6, and a. The following are additional solutions : 


(4) So a 50 », 


’ 


B 6 Oy 6, X 

— 20 100 79 10 24 —12 7 
—10 go - 50 
oO 80 78 10 2 12 51 

10 701 80 193 4 23 50 

1 

20 614 8o 28 5 32 47 


B 6 6, 6, X 
— 20 794 69 10 3 5 33 
—10 70 70 19 64 114 344 
o bo 70 274 9% 17% 354 
10 5! 70 304 12 22 35 
20 42 7! 444 14 20 33 


The effect of an increase in a at a given @, and ¢ is shown by comparing 
Tables (2) and (4). It amounts chiefly to an increase of the horizontal travel 
of the lift direction corresponding to a given range in 8; x is more negative at 
8=-—20 and more positive at 8B=20 for a=so than for a= 30. 

The effect of a decrease in pitch of the helix is shown by comparing Table 
(2) with Table (5) which corresponds to an abnormally low pitch of 60°. The 
relations between 6,, 8, 6 and 6, noted above continue to hold with fair accuracy 
at the low pitch. But at a given £8, @ is considerably decreased, 6,, @, and x 
are increased. Thus at the lower pitch with a given sideslip the lift axis has a 
greater upward inclination and passes more to the right of the observer; the 
outer span is inclined more upward and more outward from the tangent plane. 


4.4 Summary of the Aeroplane’s Angular Position in a Spin 


A rough summary of the angular position of an aeroplane in a fast spin 
would therefore be as follows :— 


(a) The lift axis is nearly horizontal. It is inclined above the horizon 
unless the helical pitch is nearly go° and the sideslip is large and 
negative. Its upward inclination is less than 5° unless the helical 
pitch is abnormally small and the sideslip large, when it may rise 
to, 

(b) The lift axis may pass to either side of the radius, and the angle 
between it and the radius varies considerably with the conditions 
of the spin. When the helical pitch is large and the sideslip nega- 
tive the lift axis passes to the left of an observer who _ is 
situated on the axis of a right hand spin and looks along the radius, 
When the helical pitch is small, the incidence large and the side- 
slip positive, the lift axis passes considerably to the right of the 
observer. In extreme cases this angle may be as much as 10° to 
the left of the observer and 30° to the right, but average values lie 
between —5° and +15°. 


(c) The inclination 6 of the x wind axis below the horizon is approxi- 
mately equal to 6,—8, and may be greater than go° for negative 
sideslip. 


(5) 6,=60°, a=30, e=0. 
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(d) The outer span is inclined upwards to the horizon at an angle 
approximately equal to go°—6 where 6=6,—f. If the helical pitch 
is large and the sideslip negative, the outer span is inclined below 
the horizon and on the side of the tangent plane towards the axis 
of the spin. If the helical pitch is small and the sideslip positive, 
the outer span is inclined above the horizon and on the side of the 
tangent plane away from the axis. 

(e) The bank @ is in the neighbourhood of go°, but decreases as_ the 
helical pitch decreases, 

(f) The normal to the chord lies very nearly in the vertical plane con- 
taining the radius, and is inclined to the latter at an angle approxi- 
mately equal to the angle of incidence. Actually it is of course the 
resultant force which lies in the vertical plane containing the radius 
and is inclined at an angle a to the radius. 

4.4.1. Visualisation of the attitude of a machine in a spin is made com- 
paratively simple by remembering conclusion (f). It may be assumed to be 
sufficiently accurate for the purpose of visualisation that the normal to the wing 
surface makes an angle with the radius equal to the angle of incidence and lies 
in the radial plane, i.e., in the vertical plane containing the radius. Beginning 
with the prototype, all other spinning attitudes with the same mean incidence of 
the wings may be derived from it to a first approximation by rotating the aero- 
plane about the normal to the chord. 

The diagrams of Fig. 4 represent various types of spin, all with the same 
helical path and the same incidence, on the assumption that the resultant aero- 
dynamic force OG lies in the plane of symmetry (e=0). The spherical diagrams 
are all drawn on the lower hemisphere and viewed from above; in all except 
diagram E the horizontal plane is the plane of the paper, and the radial plane 
and the plane at the end of the radius tangent to the evlinder containing the helix 
are both perpendicular to the plane of the paper. Two views of the systems of 
‘wind ’’ axes are included—-one in which the observer looks towards the aero- 
plane from the centre of the spin and the other in which he looks in the direction 
of horizontal] motion. 

It should be noted that the ‘* lift’ axis OL is equal and opposite to OZ. In 
the two sets of diagrams of the systems of axes, the real lengths of all the axes 
are intended to be equal to the radius of the sphere above, so that the apparent 
lengths in the diagrams may help the reader to visualise the actual positions 
of the axes in space. OG is the downward drawn normal to the chord and OG, 
its equal and opposite projection above the wing. OP is the direction of motion 
of the C.G. so that the angle between OP and the vertical is 0,, 6;=80° in all 
diagrams, 

The diagrams should be studied with the aid of a small model aeroplane or 
wing. , 

It is interesting and instructive to trace with the aid of these diagrams the 
effect on the spinning attitude of variations in 8. Beginning with diagram A, 
in which £ is about + 20°, we note that 

(1) @ is less than 6,. 

(2) OL, the lift axis is very nearly horizontal (6, small); it is inclined 
slightly upwards and passes considerably to the right of the 
observer at the centre of the spin (y about 30°). 

(3) Oy, the *‘ inner ”’ span (to starboard), is inclined considerably down- 
wards from the horizontal (6, about 30°). : 

Passing to diagram B, for which 8=o, we note that 

(a) 

(2) OL is still inclined slightly upwards, but is now much nearer to the 
radius. 

(3) Oy is approaching the horizontal. 
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Diagrammatic Representation of Right Hand Spins. 
Spherical Diagrams Drawn on Bottom Hemisphere and Viewed from Above. 


A. B. 
Positive sideslip about 20° Zero sideslip 
6, 
Oy and Oz below horizontal. Oy and Oz below horizontal. 


G 


Axis of Rotation 


Axis of Rotation 


Views of axes looking towards aeroplane from centre of spin. 
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Views of axes looking in direction of horizontal motion. 
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Diagrammatic Representation of Right Hand Spins. 
Spherical Diagrams Drawn on Bottom Hemisphere and Viewed from Above. 


C. 
Negative sideslip 
but >8, 


Oy and Oz below horizontal. 


Axis of! Rotation. 


Views of axes looking towards aeroplane from centre of spin. 


1G, 


Views of axes looking in direction of horizontal motion. 


7G, 


Fig. 


D. 
‘“ Prototype ’’ spin 
Oy and Oz horizontal. 
G 
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Diagrammatic Representation of Right Hand Spins. 
Spherical Diagrams Drawn on Bottom Hemisphere and Viewed from Above. 


E Views of axes looking towards 
Negative sideslip about —20° aeroplane from centre of spin. 
n/2 G 
Oy and Oz above horizontal. ' 
0 
\ 
\ 
| \ 
x' | 
Views of axes looking in direction 
of horizontal motion. 


Axis of Rotation . 


Fic. 4. 


In diagram C, where £8 has become slightly negative, 
(1) 6 is less than 7/2 but greater than 6,. 
(2) OL is still inclined slightly upwards and now passes only slightly 
to the right of the observer at the centre of the spin (y very small). 
(3) Oy is very nearly horizontal (6, small). 


” 


Diagram ID is the ‘‘ prototype’’ spin. Here we find 
(1) Oy and Oz horizontal (6,=6,=0). 
(2) 
(3) 8 is negative and equal numerically to 7/2-—6,. 

In diagram E, Oy and Oz pass above the horizontal and in order to render 
the diagram clearer the sphere is supposed rotated slightly so as to bring the yz 
plane of the wind axes system down to the plane of the paper. £ is now of the 
order — 20°, and we note that 

(1) 6 exceeds z/2. 

(2) OL now passes slightly to the left of the observer and is inclined 
at a small angle below the horizontal. 

(3) Oy is inclined at a small angle above the horizontal, 

As a further aid to the visualisation of the attitude of the aeroplane when 
spinning in various ways the Figs. 5 and 6 are included. These diagrams 
represent typical left hand spins (the machine is approaching the observer in 
the first picture of each spin), obtained by photographing a small model of the 
Bristol Fighter in eight successive positions covering one complete turn in each 


y 
x! 


686 THE JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY 


spin. The observer is supposed to be descending with the vertical velocity of 
the aeroplane, but without rotation, /.e., he is looking in a constant direction 
horizontally. The dotted line in each spin is the axis of rotation, whilst the 
full line indicates the spiral path. The spins represented are not examples of 
complete equilibrium for the Bristol: Fighter, but are simply typical motions 
illustrating the effect of various degrees of sideslip on the appearance of the 


Fig. 5- 
A. Prototype. 
B. Zero sideslip. 
C. Sideslip 5° inwards. 
}). Sideslip 12° outwards. 


Typical left hand spins on Bristol Fighter model. 
Flat spins at 60° incidence. 


aeroplane in a steady spin. In Fig. 5 the mean incidence is 60°, the motion 
approaching the so-called ‘‘ flat ’’ spin, and the rotation is fast as measured by 
Q¥s/V (about 0.6); whilst the radius is very smal] (4.5ft.) and the rate of descent 
about 68 f.s. or 45 m.p.h. The first spin is the prototype in which there is no 
component angular velocity in pitch; in the second sideslip is zero and the wings 
are at right angles to the flight path. The third and fourth examples are spins 
in which sideslip is inwards and outwards respectively. Fig. 6 represents spins 
at 30° mean incidence, a more usual type, in which the nose is pointing steeply 
down; the rotation, as measured by Qs/V, is about 0.4, but the time for one 
turn (3.3 secs.) is very little greater than in the spins of Fig. 5 owing to V being 
larger (go f.s.).. The radius is 4/5 of the semi-span. The numerical values given 
apply strictly to the prototype only; the sideslipping and pitching in the other 
spins would require altered values of the rotation and therefore of the radius 
if equilibrium were to be maintained. The first four spins of Fig. 6 correspond 
to those of Fig. 5, except that the fourth has an unusually large outward 
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sideslip (30°). It should be noticed that either wing tip may be depressed in 

spins in the same direction; in particular that 

(a) In the prototype sideslip is outwards, i.e., to starboard or positive 
in a left hand spin 

(b) When the starboard wing is depressed sideslip is outwards in a 
left hand spin. 

(c) When the port wing is depressed considerably, sideslip is inwards 
in a left hand spin; but when it is only slightly depressed, sideslip 
is probably outwards, unless the spiral path is very steep. 

The last diagram in Fig. 6 represents a prototype inverted spin in which 


the incidence is — 30°. 
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Fic. 6. 
EK. Prototype. 
F. Zero sideslip. 
G. Sideslip 8° inwards. 
H. Sideslip 30° outwards. 
K. Inverted spin at —30° incidence. 
Typical left hand spins on Bristol Fighter model. 
Spins at 30° incidence. 
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§5 THE BALANCE OF FORCES 
5.1. Since the resultant aerodynamic force is very nearly in the plane of 
symmetry (e small) and is inclined to the horizontal at an angle nearly equal 
to the angle of incidence (u1=a), it follows that the equations 
Lift=centrifugal force 
Drag =weight, 
which are rigidly true of the prototype spin, are approximately true for any 
spin of steep helical pitch. Close examination shows that the drag equation is 
always a very good approximation, and that the lift equation has at most an 
error of Io per cent. 
It follows further that balance along the y axis involves small components 
of both gravity and centrifugal force. 
The lift equation leads to the following useful approximate relations between 
y, Q3/V and R: 
k, y=w gps . Qs V 
R=wy* gpk, 


5.2 The Component Angular Velocities p, q, r 


We have p/Q=sin 6. 
g/Q=sin 6,. 
r/Ql=sin 6,. 


We have seen that @ is in the neighbourhood of go° and that 6, is a small 
angle which may reach 10° in an extreme case. It follows that the component 
tr is always small compared with p, and that 6, is approximately the angle 
between the 2 wind axis and the angular velocity axis in the plane of symmetry. 
Thus in a fast spin the component angular velocity in the plane of symmetry is 
approximately coincident with the wind axis. Again the above tables show 
that @, is approximately equal to z/2—6, and that 6 is approximately equal to 
6,—f8. Hence, putting siné,=6, (as is legitimate except in extreme cases) 
we have 


I (ue Gps (Os V), 
and q/{) is approximately equal to q/p. 

This is a very useful equation connecting the pitching component of the 
angular velocity with the sideslip and other parameters of the spin. It is evident 
that q is by no means negligible in general and that it may be of either sign. If 
the sideslip is positive—‘‘ inwards ”’ q 1S positive, 7.e., the angular velocity in 


pitch is in a sense to raise the nose of the aeroplane. It becomes negative, how- 

ever, if 8 exceeds a certain negative value at given values of k, and Qs/V. 

This result is of great importance in the balance of pitching couples. . 
Curves: of q/p against 8 are plotted in Fig. 7. The intersection of any one 


of these curves with the axis of 8 is an accurate measure of the appropriate value 
of the quantity 
k, (uw gps) (Os V). 

Corresponding values of q/p and 8 were calculated for three pairs of values 
of a and ps/V, allowance being made so far as data permitted for the effect of 
rotation on k,, and for the influence of drag and lateral force components. The 
slight curvature of the graphs therefore represents the degree of approximation 
given by the above relationship between q/p and f. 


§6 THE SPINNING EXPERIMENT 
It is evident that six independent quantities are necessary to specify com- 
pletely the kinematics of a spin; for instance, the linear velocity system V,, a,, B 
and the angular velocity system p, q, 7 (or 2, 6, @). In addition it is necessary to 
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know the three control settings which maintain the equilibrium. The problem 
of the full-scale spinning experiments is therefore to measure (preferably by 
continuous records) any six independent kinematical quantities, together with the 
control settings. This is of course a very ambitious undertaking, and a 
thoroughly satisfactory technique is only being evolved slowly by trial and error. 


Fic. 7. 
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It has been found practicable to measure the total acceleration in magnitude 
and direction by means of glass fibre accelerometers suitably combined with liquid 
levels. Two other quantities whose mean values can easily be obtained by stop- 
watch and aneroid are the vertical velocity and the resultant angular velocity. 
This accounts for five independent measurements, and in the early days, when it 


| 
| | 
} | | | | | 
| | | | 
| | | | x | | | 
| 
-10 | | | 
| | | = 
| ae 
/ 
|_| 


640 THE JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY 


was assumed that the sideslip was negligible, this experimental] scheme was in 
force at the R.A.E. and produced much valuable but necessarily incomplete 
information. Later research has tended to concentrate on the determination of 
sideslip. We have already shown the importance of sideslip in the geometrical 
description of the aeroplane’s spinning altitude, and it will later appear that in 
the balance of couples sideslip is of fundamental importance. It was at first 
hoped to complete the early experimental scheme by a direct measurement of 
sideslip by means of simple vanes in suitably chosen positions, making due 
allowance of course for the effect of rotation. After a full trial this has had to 
be abandoned. The improved scheme now in train includes the production by 
means of three gyroscopes of continuous records of the component angular 
velocities about three mutually perpendicular directions fixed in the aeroplane. 
This, together with the measurements of acceleration and the rate of descent 
(the last being essential), accounts for seven independent quantities and therefore 


provides one check measurement. The outstanding difficulties are chiefly due 
to lack of experience and they should be overcome in due course. The full-scale 


experiments should give, besides an exact description of the motion, the lift, drag 
and lateral force on the spinning aeroplane, but it gives no direct information 
regarding the aerodynamic couples. 

The following example from observations taken in a Bristol Fighter spin 
will illustrate the importance of an accurate determination of sideslip in addition 
to the measurements of the component linear accelerations, the resultant angular 
velocity and the rate of vertical descent. It was supposed that in this spin £B 


lay between —10° and — 20°, but it will be instructive to tabulate the results for 
a series of values of 8 between + 20°, 

B 6 a p q r q Pp rp 

20 100.0 89.75 SES 2.40 0.43 0.002 0.174 0.001 

10 88.8 3.6 30.8 2.50 0.003, 0.053 —0.0013 0.021 

oO 80.0 78.5 31.4 2.46 0.42 0.086 O.17 0.035 

10 70. 30 79-3 ya 2.36 0.82 0.152 0.35 0.004 

20 60.85 80.1 30.5 2.18 1.05 0.183 0.48 0.084 


The variation in q and r as 8 changes is large, so that a successful measure- 
ment of p, q and r would provide an effective method of obtaining an accurate 
determination of the motion. 

In Fig. 8 are shown records of (a) the component angular velocities referred 
to chord axes, (b) the acceleration normal to the chord and (c) the contro] move- 
ments, in spins on the Bristo] Fighter. At the moment no calibration of the 
gyroscopic records is available and the synchronisation of the various curves 
is only approximate, so that the diagram is exhibited only as roughly typical 
of the present scope of the full-scale experiment. Before the point 4A is reached 
the aeroplane is stalled in straight flight, the airscrew being stopped and the 
ailerons neutral. At A the rudder is put hard over. About five seconds later 
the spin is established. At B, after about seven turns, both rudder and elevators 
are reversed. About three seconds later, when the angular velocity has almost 
disappeared, the rudder is slowly centralised and the stick pulled gently back. 
C represents the completion of the pull out from the dive. 

It is clear that at no part of the manceuvre shown is a steady condition 
reached. The rotation in roll is sensibly constant after a turn or two, but the 
rotation in yaw continually increases up to the reversal of control, while the 
rotation in pitch has irregular variations about a mean zero value. The normal 
acceleration in the spin itself reaches a maximum of almost 2g and subsequently 
decreases steadily to 1.5g when the controls are reversed. But there is in the 
left hand spin a well defined oscillation of amplitude almost 0.5g and period of 
1.8 secs. while the mean value decreases. There are traces of this oscillation in 
the q record, but not in r! or p’.. This oscillation, which on the Bristol Fighter 
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is always more marked in spins to the left, makes irregular appearances even 
in them and is not at present understood. 

The variation in r! and normal acceleration are in the direction of increasing 
a, 2 and Qs/V, and cannot be accounted for by variation in control settings, 
for these are sensibly constant. It is possible that a really steady condition 
would be reached after 10 or more turns, but it would be dangerous for physio- 
logical reasons to extend the experiment much beyond its present limit. 


Rough estimates of mean values in the spins shown are (=2.45, a= 30°, 


1 
V=o0, 0s/V =0.55. 


§ 7 THE BALANCE OF COUPLES 
7.1. In considering the balance of couples in a spin it is necessary to 
introduce a more detailed notation than that which sufficed for a rough approxima- 
tion to the balance of forces. Resolving in the first place along wind axes the 
equations in their simplest form may be written 
k,SspV? 
M=k,,SspV’ 
N= SspV” 
where —L, —M, —N are the component rates of change of angular momentum 
and k,, k,,, k, are the component aerodynamic couples expressed as non-dimen- 
sional coefficients. 

The aerodynamic couples are functions of the velocity system V, a, 8, p, q, 7, 
and of the settings €, , ¢ of the aileron, elevator and rudder controls respec- 
tively. Hence the coefficients k,. km, k, will be functions of the velocity system 
expressed in a non-dimensional form, namely, a, 8, ps/V, qs/V, rs/V, and of 
1, & 

In the present state of our experimental resources we are bound to follow 
in general the classical analysis of aerodynamic forces, in which the sideslip 
and angular velocity are regarded as ‘‘ disturbances ’’ from symmetrical rectili- 
near flight defined by V and a. The assumption is that when £, p, q, r are 
present, any component of aerodynamic force or couple is sensibly the sum of 
what would be obtained by introducing each of the ‘‘ disturbances ’’ in turn, the 
others being zero. We write for instance 


km = mMa+mv+mp+mq+mr+ mE+ my +m 
Here ma is the pitching couple coefficient in symmetrical straight flight when 
B, & are all zero; mv is the additional pitching couple at incidence 
a when p, a, 7, & 4, § are zero; and so on. 

It is evident that many of the component coefficients may be neglected in 
a general survey. If we write L/SspV?=-—li, etc., the equations of couples, 
in which only the important terms have been retained are: 

mi+ma+mv+mp+mq+my=o 
ni+nv+np+nr+nE+nl=o 

In a few isolated instances we have experimental data for couples due to the 
combined effect of two of the parameters. Thus, for instance, the asymmetric 
couple due to ailerons has been measured on the rolling balance. In this case 
we work with Ip€, npé, instead of Ip +lé, ete. 

If the couples are along chord ares the component couples in the first and 
third of the abovesequations are distinguished by dashed letters. Thus, for 
instance, an angular velocity p about the wind axis Ox produces component 
couples Ip, np, about the wind axes Ox, Oz, and component couples I’/p, n'p, 
about chord axes Oz’, 
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It is often convenient to regard the resultant aerodynamic couple as con- 
sisting of two parts :— 
(a) Its component about the lateral axis, the pitching couple. 
(b) Its component about an axis in the plane of symmetry—the 
asymmetric couple. 


> 


Axis of Rotation 


o 
oO 
b 
é 
z= 
fis 
OF: 
x 
FIG. g. 


Diagram illustrating the origin of the pitching couple due to inertia 
of the body when spinning. 


In dealing with the asymmetric couple we may combine the first and third 
of the above equations into a single vector equation which may be written 


G,+ =o 


Before attempting the balance of couples in a spin we shall review what is 
known of some of the more important components. 


| Y 
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§ 7.2 The Inertia Couples in a Spin 
7.2.1. It is well known that if a body is rotating steadily about an axis 

fixed in it there are rates of change of angular momentum about axes perpen- 
dicular to the axis of rotation, unless the latter be one of three mutually 
perpendicular axes in the body, called its principal axes of rotation. The 
principal axes of an aeroplane are its lateral axis and two axes in the plane of 
symmetry which are approximately parallel and perpendicular to the wing chord. 
In a spin the angular velocity is, as we have seen, approximately about the wind 
axis in the plane of symmetry. Since this is not a principal axis there will be 
a resultant rate of change of angular momentum about an axis which does not 
coincide with the axis of rotation. This, with its sign changed, may be regarded 
as a couple impressed on the aeroplane due to its rotation and is called the 
inertia couple. Now the mass of an aeroplane can be regarded very roughly as 
distributed along two perpendicular lines—the line of the body or the chord and 
the lateral axis. Let A, B, C, be the moments of inertia about the chord axis, 
the lateral axis and the axis in the plane of symmetry perpendicular to the chord. 
Then according to this rough approximation C=A+B8h. Now suppose the 
simplified body to be rotating with velocity © about an axis in the plane of 
symmetry inclined at a to the chord (see Fig. 9). Taking the moments of the 
centrifugal forces we find a couple about the lateral axis tending to increase a 
and of amount sinacosa, or $BQ? sin 2a. We infer from this that 
the major component of the inertia couple in a spin is about the lateral axis, that 
its amount is 4(C'—A)@* sin 2a, and that it is always in a sense to raise the 
nose. 
Actually, if p’,q, 7! are the angular velocity components about the principal 
axes, the components of the inertia couple about these axes are respectively 

L=(B-—C) qr’ 

M=(C—A) r'p! 

N=(A-—B) p'q 

Working with the approximation r=o, so that p’=X cosa, fr’ 

q=Q-cos 6 sin ¢, we have 


~ 


II 


sin a, 


L=(B—C) cos 6 sin sin a 
M=(C— cosasina 
N=(A-— B) Q? cos 6 sin ¢ cos a 

Now in most aeroplanes of conventional design C is of the order 
A+B, and A and B are of the same order, examination of the moments 
of inertia of a number of aeroplanes shows that with 6 > 60°, ¢> 60° and 
a > 30°, we have 

M>L>N, 
M being much the largest. Thus in a typical spin the inertia couple has its 
major component about the lateral axis, and its small component in the plane of 
symmetry is approximately about the wing chord. 

The inertia couple $(C— A)? sin 2a about the lateral axis is of central 
importance in the balance of pitching couples, for it proves to be the chief factor 
in the building up and maintenance of a large angle of incidence in a spin. 
Regarding the entrant motion to a spin as essentially a progressive growth of 
rate of rotation and incidence, it is obvious that the pitching inertia couple, 
being proportional to Q* sin 2a, is an important part of the mechanism of the 
growth of a. We shall see later that its order of magnitude is such as to account 
in general terms for the maintenance of large angles of incidence. 

7.2.2. The above refers to an aeroplane none of whose parts are separately 
rotating. If, however, the airscrew is running in a spin, we must add the 
gyroscopic couple due to its rotation. We assume that the airscrew axis is 
parallel to the wing chord so that if the airscrew’s angular velocity relative to 
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the aeroplane be w, the components of its angular velocity referred to chord 
axes are w+p', q, 7, and we may usually neglect p’ compared with wo. If the 
airscrew has any number of blades except two it behaves like a solid of revolution, 
Assuming this to be the case, let 4, be its moment of inertia about the airscrew 
axis, B, its moment of inertia about any perpendicular axis. The components 
of the airscrew’s couple about chord axes are found to be 
M,=—A,or—(A,—B,) — sin a, 
N ,=A,oq + (A, — B,) p'g=A,o2 cos 6 sin 9, 
only the terms in w being retained. 
Thus in a typical spin where 6 approximates to go° the major component 
of this inertia couple is about the lateral axis. We have 
M,/M= { A,/(C—A) } (w/Q) seca 
for the relative magnitude of the major components of the inertia couples due 
to aeroplane and running screw. 


We may estimate this by considering the Bristol Fighter with four-bladed 
screw of oft. diameter, for which C—A=1240, A,=6, =2 and w=100 at full 
power. Taking a=35 we have M,;M=4, and if the airscrew is running with 
power shut off under the zero torque pa Sr this is roughly halved. 


Ki 
Q 


The inertia pitching couple of the running airscrew is significant, not so 
much on account of its absolute magnitude as because it changes sign with @. 
Its sign is such that it tends to raise or lower the nose of the aeroplane according 
as the airscrew is rotating in the opposite or the same sense as that of the spin. 
Thus we should expect that if the airscrew’s rotation is right-handed as viewed 
by the pilot, the aeroplane will spin faster to the left than to the right. This 
effect has been noticeable on the B.E.2C. and the Bristol Fighter, and in the 
case of the latter the difference in spin to right and left has been proved to be 
much reduced when the airscrew is stopped. It is evident indeed that such 
difference must be due to asymmetry (geometrical or dynamical) about the plane 


of symmetry. There is usually no geometrical asymmetry of sufficient magnitude 
to account for the effect, and the only source of dynamical asymmetry is the 
airscrew and the moving parts connected with it. The above estimate for an 


engine with fixed cylinders shows that the difference in pitching couple fs 
considerable. If the engine is rotary the difference will rise to such a magnitude 
as to make spinning with engine on definitely dangerous in one direction. There 
is one other point to notice. A pilot will often switch on the engine when in 
difficulty in recovering from a spin. The slipstream may increase the control, 
although there is no evidence that in a spin at large incidence the slipstream 
intersects the tail unit. On the other hand, the fact that the recovery is unusually 
difficult with the airscrew rotating under the zero torque condition makes tt 
probable that switching on the engine will provide an inertia couple tending to 
keep the aeroplane in the spin; and the practice is therefore of dubious advantage. 


§ 7.3. The Couple Due to Rolling—Autorotation 


7-3-1. In order to answer the question as to how it is possible for the 
aeroplane to build up and maintain a high angular velocity about an axis in the 
plane of symmetry when the mean incide: ‘nce is above stalling, we pass now to a 
brief description of the phenomenon of autorotation, which is probably familiar 
to most readers. It is well known that the behaviour of an aerofoil mounted 
symmetrically in the wind tunnel so that it can turn about an axis along the 
wind and through its centre changes sharply as the angle of incidence is increased 
through the stalling angle. Below stalling, the aerofoil is extremely stable in 
roll, any impressed ‘rolling motion being quickly damped out by the air reactions. 
Very soon after the stalling angle is passed, instability in roll is apparent; the 
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aerofoi] begins to rotate as soon as the wind is turned on, and the rate of roll 
increases to a steady and stable value, which is called the autorotation speed 


and corresponds of course to zero rolling moment. This behaviour is charac- 
teristic of an incidence range of some 10° above stalling, but in the region of 
a= 30° a second change is observed. The aerofoil is now again stable in roll 


for small displacements, but if it is given a sufficient angular velocity it will 
rotate faster unti] it once more reaches a steady and stable state of rotation. 
These characteristics persist for another short range of incidence, usually between 
30° and 40°, after which the aerofoil returns to its below-stalling behaviour and 
continues so until the incidence reaches the neighbourhood of go°. We may 
distinguish the two types of instability by saying that in the first region the 
aerofoil exhibits spontaneous autorotation and that in the second it exhibits 
latent autorotation. It is found that a biplane mounted on an axis between its 
planes exhibits two similar ranges of incidence in which it can be made to rotate 
steadily, but its behaviour after about a=4o0° is markedly dependent on the 
arrangement of its planes. If its stagger is positive its subsequent behaviour is 
similar to that of the monoplane; if its stagger is zero or negative the range of 
latent autorotation passes into a second region of spontaneous autorotation 
which in extreme cases has been observed to continue up to very large angles of 
incidence. 

7.3.2. An explanation in outline of these phenomena can be obtained by 
simple consideration of typical lift and drag curves of aerofoils and aerofoil 
arrangements. Consider for instance the monoplane lift and drag curves shown 


in Fig. 11. The lift curve rises sharply to a maximum at stalling incidence and 
bed 
proceeds to descend gradually to zero at a=go°. The downward slope is constant 


in type and about a quarter of the upward slope, but there is almost invariably 
a characteristic wave between a=20 and yo. The drag coefficient constantly 
increases to a maximum at about a=go, but there is a marked increase in slope 
above stalling. Now suppose an aerofoil to be moving in a straight line hori- 
zontally. If the left hand side (looked at in the direction of motion) be suddenly 
given a rising motion, the incidence of that wing will be decreased (see Fig. 10). 
The lift and drag vectors are thus rotated backwards and the vertical force on 
the wing will be the net effect of the altered amount of lift and the vertically 
downward component of the drag. If the initial incidence is below the stall the 
lift will be decreased owing to the smaller incidence while the drag component 
also produces a decrease in the resultant vertical force on the left hand side. 
Thus there arises a powerful couple tending to stop the rotation and the aerofoil 
is very stable in roll in normal flight. 

If, however, the initial incidence is above the stall, the decreased incidence 
on the left hand side produces a greater lift and smaller drag, and the increased 
incidence on the right hand side a smaller lift and a greater drag. The lift and 
drag effects are now opposed, and there will be an increase of vertical force on 
the left hand side and a decrease of vertical force on the right hand side unless 
the drag component is greater than the altered lift. Thus a couple may be set 
up tending to increase the rotation and the aerofoil if left to itself will autorotate. 


It follows from this line of argument that an aerofoil is stable or unstable 
for small displacements in roll according as dk, /da+k,* is positive or negative. 
Now the condition for spontaneous autorotation is instability when the aerofoil 
is started rotating from the rest, and so the spontaneous autorotation ranges 
can be studied in an elementary manner by the simple method of marking the 
incidences at which the slope of the lift coefficient curve is equal and opposite 
to the value of the drag coefficient. Returning now to the monoplane lift and 
drag curve (Fig. 11), the negative lift slope is first equal to the drag at some 
such point as A, just above stalling. The next point of equality is at B, and 


* dkL/da is the rate of change of lift coefficient per radian of incidence. 
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AB is the spontaneous autorotation range. In the case of a monoplane it usually 
happens that the recovery of the average negative lift slope after B is too slow 
to keep pace with the increase of drag, and so there is no more spontaneous 
autorotation until possibly in the neighbourhood of go°, where the negative lift 
slope may increase. The range of latent autorotation is not revealed by this 
method, since it is a phenomenon of finite rate of rotation. It is essentially a 
consequence of the wave in the lift) curve between 25° and 40°, and occurs 
typically between and 

7.3.3. We are now in a position to understand something of the difference 
in autorotation properties as between the monoplanes and biplanes of various 
arrangements. .\ biplane will always give a smaller drag coefficient at large 
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incidences than a monoplane of the same aspect ratio because of the blanking 
of the upper plane by the lower, and for the same reason a biplane of zero or 
negative stagger and small gap/chord will have a smaller drag coefficient than 
one with positive stagger and large gap/chord. The three types of drag curves 
(1), (2), (3), coalescing below a=4o, are indicated diagrammatically in Fig. 11. 
(3) represents an extreme type in which /,, is, on a very rough average, constant 
after about 40°, while (2) is typical of a conventional biplane. There is a smaller 
lift effect of the same kind, but as the slope of the lift curve is not markedly 
altered, the total effect may in a first survey be attributed entirely to drag 
differences. For the typical biplane (2) the negative lift: slope overtakes the 
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drag coefficient again at some such point as CU, and remains greater than it until 
D, after which the drag predominates. The latent autorotation BC therefore 
passes into the second spontaneous autorotation range CD. The main effect of 
the flat drag curve (3) is to remove D to very high incidences and prolong the 
second spontaneous autorotation range. 
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The autorotation regions of monoplanes and biplanes. 
The numbers marked on the curves are in ascending order of incidence. 
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7.3.4. We may now study in more detail the autorotation and rolling couple 
characteristics of monoplanes and biplanes. The rolling couple coefficient 
Ip=LV?/Ssp is a function of a and A=ps_/ V, and the autorotation rates are those 
values of A for which Ip=o. Autorotation values can be obtained either by 
direct observation in a wind tunnel or by deduction from measurements of the 
rolling couple when the model is mounted on a rolling balance ; the second method 
gives a more complete analysis of all the autorotation ranges. There is also 
the possibility of calculating the rolling couples from lift and drag curves carried 
to large angles of incidence, a definite law of load grading along the span being 
assumed. It appears that neither of the two most usual assumptions—uniform 
or elliptic loading along the span—gives a high degree of accuracy to the calcula- 
tion when A Is finite, but the calculated value of dlp/da when X is infinitely small 
is sufficiently accurate for the purpose of classification of regions of autorotation 
in monoplanes and different arrangements of biplanes. We have, for uniform 
loading, 
(dlp Do (1/3) (dk /da4 ky) 


and for elliptic loading the factor 1/3 1s replaced by 4. 


A diagrammatic analysis in rough outline of sets of curves of Ip against A 
as they define the three typical regions of autorotation is attempted in Fig. 12. 
The region (a) of spontaneous autorotation is typified by a maximum above the 
axis, the region ()) of latent autorotation by a minimum below followed by a 
maximum above the axis, and the second region (c) of spontaneous autorotation 
by a maximum above the axis and a wave in the low incidence curves which 
persists after the region ()) is passed. A striking example of the more familiar 
autorotation diagram, in which A is plotted against a under the condition [p=o 


is shown in Fig. 13. This diagram refers to R.A... 15 monoplane, and to the 
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Bristol Fighter, Springbok and B.A.T. Bantam biplanes, for which the staggers 
and gap/chord ratios are :— 


Biplane, Stagger. Gap/chord ratio. 
Bristol Fighter i8 1.0 
Springbok 4 0.85 


The Springbok and Bantam results lack the unstable values of A in the 
latent autorotation region (between a= 30° and a=50°); but in the Bristol Fighter 
experiments Ip was measured, and these values show that the wings have a 
small region of autorotation (from a=27° to a=32°) and no second region of 
spontaneous autorotation, at any rate, below 40°. Fig. 13 shows the funda- 
mental difference in autorotative properties between a biplane of stagger of the 
order 20° and a gap/chord of the order 1.0, and a biplane of stagger approxi- 
mately zero and gap/chord about 0.8. The influenceéyof the tail unit, although 
considerable, does not obscure the essential character of the divergence. The 
curve for R.A.F. 15 is typical of monoplanes. 

A series of experiments in which /p and np have been measured on a rolling 
balance for four biplane wings of varying stagger and gap/chord ratio, has 
confirmed the conclusions drawn from measurements of autorotation of typical 
complete models. The experiments have vielded sets of curves of Ip against 
X which conform in general outline to the analysis suggested in Fig. 12. 

7.3.5. In a study of the balance of coyples in the spin it is more convenient 
to consider rolling and yawing moments referred to body or chord axes, since 
the rolling moments can then be considered to be independent of the tail unit to 
a first approximation. We therefore complete the discussion of the asymmetric 
couple due to rolling by reference to its components I/p and n/p. Vector dia- 
grams for the four biplanes of different staggers and gaps are drawn in Fig. 14, 
the extremities of the vectors being joined at constant values of A (c.3, 0.5, 0.8), 
and values of a being marked on the curves. The most notable features of this 
diagram are: 

(a) Change of stagger from 30° to o° causes a very pronounced positive 
increase in I/p at most values of a and A. For 30° stagger I’/p is 
negative except for a > 50°; for zero stagger it is usually positive 
for a > 30°. each curve of A constant being displaced to the right. 

(b) n’p is usually positive, it is less than o.o1, and its variation with 
a and X is very much smaller than that of I’p. This is plainly a 
consequence of the fact that the force parallel to the chord is 
comparatively small at all angles of incidence. 

(c) The effect of a change in gap is unimportant compared with that of 
a change in stagger. 

7.3.0. In the foregoing no account has been taken of the contribution of 
fuselage and tail to the couple due to rolling. This contribution is mainly a 
couple about the normal axis at right angles to the chord, i.e., it is an addition 
to the couple n/p arising from the rotation of the wings. There is little doubt 
that in a fast spin at large incidence the body and tail must be providing a vawing 
couple opposite in sign to that due to the wings, and therefore in general in a 
sense to reduce the rate of spin. Further, since the tail unit when rotating 
about an axis inclined to the wing chord at an angle a is subject to an effective 
sideslip equal to (ps V) (1/s) sina, which increases with incidence and rate of 
roll, we might predi¢t a rapid increase in side force on the tail, as incidence and 
rate of spin increase. But the tail moves in the shadow of rapidly rotating 
wings, and the presence of a general sideslip of the machine as a whole adds 
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to the complexity of the aerodynamic conditions, so that the simple argument 
from effective sideslip may have to be considerably modified before it can be 
applied to an actual spin. Some recent work on the Bantam model has estab- 
lished the fact that n/p due to the model without wings is always in a direction 
to retard the rotation. The contribution of the fin and rudder of the Bantam to 
n'p at large incidences has, however, been shown to be very small indeed, and 
this has been proved to be on account of shielding by the tailplane and elevators. 
The relative wind impinges upon the latter at a large incidence and from beneath 
so that the fin and rudder located above are very effectively shielded ; indeed, in 
the neighbourhood of 60° incidence, n/p due to fin and rudder on the Bantam 
actually becomes positive for a positive value of p. 

No doubt the above conclusions are applicable in some degree to all conven- 
tional aeroplanes when spinning at high incidence, although information so far 
is not forthcoming on any other model than the Bantam. 

7.3.7. The relation between the autorotation of an aerofoil and the spin of 
an aeroplane has often been expressed by saying that without the autorotative 


property spinning would be impossible. This is a good summary if too much is 
not read into it. The discussion has shown that there are certain ranges of 


values of a and X for which Ip and I'p are in such a sense as to increase the 
angular velocity p. It appears to be almost certain that the autorotative pro- 
perty is the crucial preliminary to spinning; it provides the mechanism by which 
a large angular velocity can be built up in the entrant motion, On the other 
hand, it must not be inferred that spinning must occur at or near an autorotative 
speed of the wings, even though we have seen that in a typical spin the aeroplane 
is turning about an axis nearly coincident with the wind axis, andethat the inertia 


couple about the wing axis is small. The fact is that there is another component 
of the motion besides p—namely, sideslip—which makes a large contribution 
to the asymmetric couple. There is a strong probability that even a moderate 


amount of sideslip will at certain incidences produce rolling moments of such 
magnitude as to remove the rate of roll in the spin far from the autorotative rate 
if the sideslip moment is to be balanced. 
We have seen that a decrease of stagger increases both the range and 
magnitude of the autorotative couple, and so makes it extremely probable that 
y 


biplanes with small or negative stagger will reach faster spins than those with 


considerable positive stagger. There is much full-scale evidence in’ support. of 
this. The Springbok and the B.A.T. Bantam, biplanes with stagger almost 
zero, have both developed very dangerously high rates of spin. . Full-scale 


spinning experiments which were carried out some time ago on the B.E.2C. with 
three values of stagger, also confirm this result (ig. 15). The curves for zero 
and negative stagger are not so well defined as that for positive stagger, but 
the evidence certainly established the result that the positive stagger arrange- 
ment led to a smaller rate of spin at a given incidence than the other two 
arrangements. It should be remarked, however, that the effect of zero stagger 
on the balance of pitching couples is also in the direction to facilitate the growth 
of ultra-rapid spins at large incidence, and it is not at present clear how far the 
faster spins accompanying the absence of stagger are due to the rolling moment 
phenomena and how far to the pitching moment. 


§ 7.4 The Asymmetric Couple Due to Sideslip 
7.4.1. The question of sideslip occupies a position of central importance in 
the later theory of the spin chiefly on account of the magnitude of the asymmetric 
couple which tunnel tests have shown that it produces at incidences above stalling. 
According to strip theory calculations of lv due to wings, it should be 
proportional at small values of 8, to 8, dk,/da and the dihedral angle I’, and 
should therefore change sign at stalling. This theory gives a rough approxima- 
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tion to the facts below stalling, except that there is an appreciable rolling couple 
with zero dihedral which is not provided for in the formula. At or above 
stalling, however, the formula ceases altogether to apply both for monoplanes 
and biplanes. Wind tunnel tests on several complete models have shown that, 
at a given 8 and I’, lv continues to increase at least up to an incidence of 30°, 
and although no systematic tests have been made of biplanes alone, it 1s almost 
certain that this must be primarily a wing effect. In the case of a biplane at 
large incidences the explanation may be that the blanking of the upper plane in 
symmetrical flight above stalling would, when there is sideslip, be decreased at 
the wing tip towards which the sideslip occurs and increased at the other wing 
tip. This effect, which would also be accentuated by the blocking action of the 
front part of the body, would tend to set up a rolling couple of opposite sign to 
that indicated above stalling by the strip theory. 

7.4.2. Typical values of Ir, nv obtained on a complete model are shown in 
Fig. 16, which refers to the Bristol Fighter. It will be noticed that ner also 
increases rapidly in an incidence range which extends far above stalling. There 
is some evidence that in the normal flight range the contribution of the wings to 


~ 


nv is small; at any rate it is easy to control the amount of weathercock stability 


by varying the fin and rudder area. The large increase in ne up to a= 35° Is 
difficult to reconcile with the assumption that the wing contribution continues, 
above the stall, to be small compared with that of the tail unit. There is no 


material for the further analysis of this couple, but it is highly probable that 
the wings provide above stalling an increasing stable vawing couple (wind axes) 
which completely swamps the probable decrease in the contribution from the 
tail unit, 

A vector diagram of the asymmetric couple G, due to sideslip is also included 
in the figure. This shows very clearly that 

(a) A negative sideslip of 10° at a= 30° produces a value of l/r which is 
of the order of the largest wing couples produced by rolling. 

(b) n’v is smal! compared with l/r for moderate values of 8 and is always 
of stable sign. 

7.4.3. Realisation of the significance of sideslip in the balance of couples 
has raised in an acute form the general question of the adequacy of the classical 
force analysis to the motion of spinning. [It was decided to make a direct test of 
this as regards the variables p and v, i.c., to see to what degree of approximation 
the equation 

+a, 

is true as applied to biplane wings when p and rv have the values associated with 
a fast spin. It was found that a rolling balance could be easily adapted to this 
experiment by mounting the model eccentrically at a pitch of wind axes of go°, 
so that rotation about the tunnel axis, corresponding to p, involved a sideslip 
proportional to p. With this arrangement, rolling and yawing couples were 
measured, and it was also necessary to measure by separate experiment lateral 
force at zero rotation (i.c., the lateral force due to sideslip only) in order to 
transfer the couples to the C.G. of the wings. The experiment was completed 
by measurement of G, and G, separately in the ordinary way. Only part of the 
experiment as planned has been carried out, the results available referring to 
the relation 


py 


B= —o0.56 ps/V 
between sideslip and rate of rotation. The wings were of Bristol Fighter 
arrangement with zero dihedral. 
The results show that the relation required by the classical theory breaks 
down in a remarkable degree at some values of a and ps/V. The agreement of 


Ipv with In+lv is closest at the highest incidence ; at lower incidences lpv tends 
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to be much less than Ip+le as ps/V increases—for instance, at a=21 and 
ps/V=o0.4, Ipv is practically equal to Ip. Similar results hold for k,, npv being 


consistently more positive than np+ne. Whether or not these results will prove 
to be generally true for all combinations of 8 and ps/V, it appears that in a 
spin for which a= 30°, ps/V=c.4, B 12, the effect of sideslip probably 
very much less than is given by G,. Fig. 17 shows a vector diagram of G,,, 
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It remains true, however, that the effect of negative sideslip combined with 
positive rolling is to produce in general a considerable positive addition to. the 
rolling moment referred to the chord axis. A comparison between Fig. 17 and 
Fig. 14 shows clearly that a biplane with forward stagger when rolling and 
sideslipping may exhibit a relationship between I'p, a and ps/V similar to that 
for a biplane without stagger when rolling alone. 


§ 7.5 The Pitching Couple in Straight Flight Above Stalling 
Incidence 
7.5.1. The breakdown of the suction on the fore part of the upper surface 
of an aerofoil which is characteristic of stalling incidence introduces as significant 
« change in the pitching moment as in the rolling moment due to rolling. 
Above stalling, the most notable aerodynamic characteristics of aerofoils, 
and of biplanes of conventional section and arrangement, are as follows: 

(1) The centre of pressure recedes quickly at first and then more slowly 
from its most forward position at or near stalling to the mid-point 
of the chord in the neighbourhood of a=go°. Broadly speaking, 
its rate of movement decreases with increase of incidence, 

(2) The resultant force is approximately perpendicular to the chord from 


a=20° to a=9go’. 


(3) The resultant force increases slowly with incidence, the variation 
being usually not more than 15 per cent. between a=30 and a=7o, 
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Thus, in general, the wings provide above stalling incidence a_ pitching 
moment which is stable for any position of the centre of gravity. The slope 
of the curve of pitching moment against incidence is at given incidence roughly 
independent of the C.G., and, subject to limitations in detail, the stable slope 


gets less steep as the incidence increases. This is in striking contrast to the 
behaviour of the aerofoil below stalling where it is statically stable only for 
forward positions of the C.G. It also explains why a large incidence above 
stalling cannot be maintained in straight flight with elevators of normal size, 


h=0.35. 
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7.5.2. The curves for monoplane and biplane wings drawn fn Fig. 18 show 
that a definite distinction must be drawn between the properties of monoplanes 
and biplanes. In a monoplane the normal force continues to increase slowly 
right up to 90°, but in a biplane the blanking of the upper aerofoil at large angles 
causes a sharp drop in normal force above a certain incidence. This critical 
incidence will obviously be a function of stagger; it is larger for a biplane with 
forward stagger than for one with no stagger. The centre of pressure of a 
monoplane (see lower diagram, Fig. 18) recedes at a roughly constant rate up 
to gc°; and that of a biplane with large forward stagger after a= 30° shows no 
striking difference in movement until bevond a=80°. The critical incidence at 
which normal force begins to fall is for 30° stagger in the neighbourhood of 70°, 
and until this incidence is reached the slope of the ma curves for the monoplane 
and for the biplane with large stagger is not markedly different (see upper 
diagram, Fig. 18). 

When, however, we turn to the biplane of no stagger, not only do we find 
the normal force commencing to fall off at as low an angle as 50°, but also the 
C.P. remains practically stationary between 30° and 60° (see Fig. 18 again). 
There is therefore a region of neutral stability or slight instability indicated by 
the ma curves for the zero stagger biplanes; and further ma for the wings is 
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much smaller when stagger disappears, if the C.G. is unchanged. It appears that 
Letween a= 30° and a=60° the effect on pitching moment of a decrease in positive 
stagger is in such a direction as to facilitate the attainment of high angles of 
incidence. 

When the biplane has a more common stagger of the order 15 or 20° there 
is usually a marked decrease in the stable slope of the pitching moment curve 
between a=30° and a=-60°; this is perhaps of special significance when an 
explanation is sought of the noticeable change of spinning conditions produced 
by factors which are the cause of relatively small differences in pitching moment 
balance (e.g., the rotation of the airscrew), 

7.5.3. The only published experimental evidence on the contribution of the 
tail unit to pitching moment up to a=go° is from the S.E.5 model, and it is 
remarkable in showing that the stable moment actually increases up 10 a=90°. 
(A curve of k,, due to the tail is shown in Fig. 1g.) Thus the conception that a 
surface at the end of the fuselage stalls shortly after the main planes, with a 
consequent decrease of stabilising moment, is quite inapplicable. We must infer 
that the normal force coctheient of the tail continues to increase up to a=90° at 
a greater rate than that of the wings. This must be due at least in part to the 
gradual disappearance of wash from the wings. 


(I) Tail setting constant. 
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(2) Tail set to trim at x =10° 
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7.5.4. We have finally to consider the effect on ma of a change in the 
iongitudinal C.G. coeflicient ht. Since the force normal to the chord is roughly 
constant between a= 20 and a=60, the curves of moa against a will be roughly 
parallel for different values of /) within this range. Curves illustrating this point. 


and referring to an complete model with and are shown 
in the upper-diagram of Fig. 20. The change in mea at a given a above stalling 
when / is increased by c.t is of the order 0.025. It must be noticed, however, 


that a change in C.G. is usually accompanied in’ practice by a compensating 
change in tail setting which will keep the aeroplane trimmed at a constant 
incidence. . The effect of this practical limitation is illustrated in the lower dia- 
gram of Fig. 20, where the tail setting has been adjusted for trim at a= 10. 
This shows clearly that under the practical limitation of a fixed trimming speed 
in normal flight, the variation of ma with h at a given spinning incidence is less 
than half the above mentioned variation. In practice, therefore, a movement ol 
the C.G, will have only a comparatively small effect on the balance of pitching 
couples in the steady spin, except possibly in the case of biplanes of small stagger 
and poor clevator control where a forward movement of the C.G. may be sufh- 
clent to reduce considerably the risk of failure to recover from fast spins at large 
incidence. It is chiefly important in determining the character of the static 
longitudinal stability at stalling incidence. Thus in the illustrating figures, the 
aeroplane is statically unstable at a=10 if the C.G. is further back than o. 3. 
In such a condition there will be a tendency to stall and the danger of the incipient 
spin is increased, 
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§ 7.6 The Pitching Couple Due to Rate of Pitch 
mq, the pitching couple due to rate of pitch, is of some importance in the 
Lalance of pitching couples in a spin since, as we have seen, q besides being 


appreciable in a typical spin, may have cither sign, 
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We are dependent for the estimation of this quantity on tunnel measurement 


of the rotary derivative \/, by the oscillation method. This applies in strictness 
only to small values of q, but as the rate of pitching in a fast spin is never great, 
the application to spins may be a fair approximation. M, has been determined 


for incidences up to 35° on a + scale model of the Bristol Fighter.* In 
applying these results we must assume that mq is proportional, at a given a, 


to qs/V, according to the formula 


(V/qs) (mq)=(1/Ss?%p) 


Figs 21 shows values of (V/qs) (mq) for the model with the airscrew removed 
and also with the airscrew running in the high speed condition. It was observed 
in the course of the experiment that the decrease in (V/qs) (mq) at stalling is 
largely an effect of the wings, the moment from which is actually positive at 
stalling. The tail provides a moment which is roughly constant at all incidences. 
It is probable that the damping couple due to pitching in a spin is frequently 
as large and important as it is during a phugoid in normal flight. 

The increase in (V/qs) (mq) when the airserew is running is an effect of the 
increased velocity over the tail. 

The basis of the correction which must be applied in oscillation experiments 
to take account of time lag between wings and tail is obscure above stalling, and 
the results shown await confirmation and extension to higher incidences in 
whirling arm experiments. 


* R. & M. 978, ‘‘ Measurements of the Rotary Derivative Mg on a Fifth-Scale Model of 
the Bristol Fighter,’’ Relf. 
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§ 7.7. The Controls in Spinning 

7.7.1. The problem of providing an adequate margin of safety in the recovery 
from a fast spin raises the question of control surfaces in novel form. There 
is little doubt that even in those aeroplanes which are safe to spin the margin 
of control is not great; and in those which spin dangerously, the controls—at 
any rate the elevators and rudder—are so obviously insufficient that it seems 
imperative, at least as a temporary measure, to provide a considerable increase 


of surface. There are of course serious objections to increasing a control which 
has proved to give that delicacy of manoeuvre which is so essential (especially 
to small fast aeroplanes) in normal flight. The ideal and, we hope, the ultimate 


solution will be to discover in detail what are the aerodynamic factors wich lead 
to spins of ultra-rapid type, and so by ruling these out of design to ensure 
safety in spinning with controls of a size which are not objectionable in routine 
flying. At the present stage, however, it seems advisable for the designer to 
provide an empirical margin of the order, perhaps, of 30 per cent. above the 
total control which he deems suitable for ordinary flying requirements. 

7.7.2. Rudder and Elevator Control.—The present inadequacy of rudder and 
elevator contro] in spinning may be due to either or both of two causes: 

(a) The minimum couple which is necessary to accomplish the transition 
from a spin at a mean incidence of 40° and a ps/V of 0.5 to straight 
flight at stalling might turn out to be of a higher order than the 
total control at normal flight efficiency. 

(b) The decrease of control efficiency on account of the high mean 
incidence, the rotation and other special circumstances of the motion 
of spinning might be such that, although the couples to be, dealt 
with in the motion of recovery were not greater than those met 
with in normal flight, the control would be effectively inadequate. 

Although we are not in a position to dogmatise, there is little evidence that 
the aerodynamic conditions approximate to the state described in (a). Danger 
of this sort would be expected to arise, if at all, from the pitching couple. We 
shall see later that the inertia couple is the only substantial pitching couple 
tending to elevate the nose of the aeroplane, and the magnitude of this is well 
within the capacity of elevator control of normal flight efficiency, except in very 
extreme Cases. 

There are, on the other hand, many reasons for expecting a serious decrease 
in rudder and elevator efficiency in the spinning attitude. The incidence of the 
tail plane is of course large; the rotation supplies an eflective sideslip at the 
tail unit which, being of the order (Qs/V) (l/s) sina radians, varies from 10 
to 30° and over; and in the more usual case of outward sideslip, a further 10° to 
20° must be added to this lateral angle. There is in addition the wash at the 
tail due to wings rapidly rotating at a high incidence—an effect which is quite 
bevond the reach of calculation. Leaving this out of account, a very rough 
model of the air flow at the tail unit in a spin would define its mean direction 
by an incidence of the order 30° to 50° and a lateral angle of the order 20° to 4o°. 
The fin and rudder area, being mainly disposed above the fuselage and tail plane, 
will experience a shielding from these surfaces which must increase’ with 
incidence ; on the other hand, the effective sideslip will tend to reduce this effect. 
We may expect, indeed, that the fin and rudder will often be working in a 
region of very disturbed flow and this has been confirmed by the effect of the 
tail unit in some recent rotation experiments on a Bantam model. These show 
that at large incidences the lateral force on fin and rudder changes sign for a 
certain range of values of a and ps/V. This evidence appears to indicate a flow 
so confused that the rudder efficiency must be dangerously impaired; and _ the 
same circumstances may militate to some extent against the elevator control. 

The drop in control efficiency of rudder and elevators due to a simple 


t 
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increase in incidence is well shown in Figs. 22 and 23, which are drawn without 
special reference to the size of the control. 

The rudder control diagram shows n’¢ referred to chord axes. In general 
the decrease in control between a=20° and a= 4o® is at least 50 per cent.; the 
eriginal rudders in the Springbok and the B.A.T. Bantam are totally ineffective 
at a=4o°. It may be mentioned that at a given incidence n’/¢ is roughly 
proportional to ¢ up to (=25° in the incidence range shown. The elevator 
control diagram shows a smaller, but still serious, efficiency loss both for upward 
and downward elevator movement; the loss is of the order 30 per cent, between 
a=10° and a=30°. At a given incidence my is linear with » between 4)= — 25° 
and +25°, but the Bantam elevators reach their limit of control at all incidences 
at about 97+ 35°. The practical control range provided is usually not more 
than 425°. It appears from these diagrams that it would be necessary to 
sncrease the rudder control by 50 per cent. and the elevator control by 30 per 
cent. to provide at a= 30° the control which is now usually provided at a= 10°. 
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The effect of a pure sideslip on the elevator control has been observed on 
one model—the Springbok—in which each elevator in turn was tested under 
sideslip. The sideslip effect was found to be almost negligible. The effect of 
sideslip on rudder control has been measured on several models; the Bristol 
Fighter results may be referred to. Above the stall the effect is appreciable but 
irregular. If the rudder is moved in a direction opposite to the sideslip, the 
effect is small; if in the same direction, so that the effective rudder angle is 
increased, the effect is larger, but too irregular to be explained on a simple theory. 
Below the stall the curves are more systematic and show, roughly speaking, 
that sideslip in either direction increases the rudder control. 

It is clear from this incomplete discussion that there is a very pressing 
need for a research into the air flow across the tail unit in a typical spin. Such 
clues as exist at present suggest that the problem of providing adequate tail 
control in spinning may be one of disposing the surfaces intelligently rathe1 
than of increasing their size to any very considerable extent. 

7.7.3. The Aileron Control.—Ailerons—at least those of the conventional 
type—differ from elevators and rudder in providing a couple which varies in 
direction as well as in magnitude with aileron angle, incidence and rate of 
rotation, and above the stall the axis of the couple is far from that coincidence 
with the chord axis, which would complete the ideal triad of controls, one about 
each axis of the body system. This property of conventional ailerons, an 
example of which is shown in Fig. 24, makes it very difficult to assess their action 
in relation to a given manceuvre. The subject, in so far as it relates to the 
initiation and neutralisation of small lateral motions above stalling, has been 
studied in detail in the Stability and Control Panel’s report on control at low 


speeds.* It is there established that the yawing moment of conventional ailerons 
is, above stalling, such as constantly to stultify the use of the control as a 
producer of rolling moment. For instance, if the ailerons are used to check a 
given rate of roll, the yawing moment initiates a cycle of changes which ends in 
increasing the rate of roll. It 1s not surprising in face of this complication that 


aileron action in the rapid rotary motion of spinning is at present very little 
understood. Most pilots appear to be in agreement that the ailerons are of 
little use in recovery. The only well documented fact that has come to light 
is that it is in general easier to spin with conventional ailerons crossed, 7.c., 
set so as to oppose the rolling motion of the spin. The reinforcement of the 
rudder by the yawing moment due to the ailerons when the controls are crossed 
results in a more rapid spin at higher incidence, although the ailerons are 
producing a rolling couple tending to reduce the rate of roll. This is vividly 
illustrated by the following figures drawn from spinning observations on the 
B.E.2C., where the limit of aileron movement with the stick full back is about 


' : Position of Rate of descent Approximate 
ailerons. (ft./secs.). incidence. Os / J 
With spin 25 0.35 
Neutral 40 0.48 
Crossed 67 55 0.605 


The aileron effect in the entrant motion is so great that it is rather difficult 
to accept the opinion, unanimous though it appears to be, that conventional 
ailerons are practically inoperative in the motion of recovery, and a final decision 
on this point should await a really systematic experiment. It is of course evident 
that in a fast spin the ailerons on one side will be acting at a mean effective 
incidence of about 80°. But even assuming these to be totally inoperative and 
the control to be halved, it appears that there should be some noticeable effect 
which has not at present been separated in pilots’ observations from the action 
of the other controls. 


* R. & M. 1000, “ Lateral Control of the Stalled Aeroplane.’’ General Report by the 
Stability and Control Panel. P 
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Conventional Aileron Control—Bristol Fighter Model. 
Values of ps/V are marked on the curves. 
N.B.—é:is positive when the starboard aileron is down, producing a 
negative rolling couple. 
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Fic. 25. 

Slot-and-Aileron Controk at Zero Rotation. 
Avro monoplane—standard ailerons with slot. 
Angles of incidence marked on curves. 
glot-and-aileron. 

——-—-— aileron alone. 


7.7.4. Slot and Aileron Control.—The invention of the slot-and-aileron control 
represents the most successful attempt at once to increase the efficiency of thr 
aileron as a rolling moment producer and to eliminate the undesirable yawing 
moment. The device is described in detail im R. & M. Nos. 916, 968 and 973,” 
and the improvement obtained is shown in Figs. 25 and 26. It appears from the 
body of the model tests that :— 

(a) The device is most effective at zero rotation (Fig. 25). 

(b) The undesirable yawing moment produced by given movement of 
the control increases as the rate of rotation increases (Figs. 25 and 
26). 

(c) When there is rotation the control is on the whole more successful 
so far as reduction of yawing moment is concerned when the setting 
is with the rotation (€ positive and ps/V negative in Fig. 26) than 
when it is against it (€ positive and ps/V positive in Fig. 26). 
The rolling moment on the other hand ts more powerful for a given 
aileron angle when the setting is against the rotation than when it 
is with it. 

There is therefore some doubt from the model evidence as to how far the 
advantages of this control persist at the high values of incidence and rotation 
characteristic of a fast spin. What little full-scale evidence there is on this control 
in a spin allows us to be more hopeful than the model results would perhaps 
suggest. In spinning experiments on the Avro fitted with a_slot-and-aileron 
control it has been observed :— 

(1) If these ailerons are used in conjunction with the rudder to initiate 
a spin, they must be set ‘‘ with the spin ’’; in other words, the 
Avro will not spin with these ailerons crossed. 

(2) An attempt was made to enter a spin with rudder central and ailerons 
with the spin. The result was a heavily banked spiral in which 
the incidence was probably just below stalling, but the sense of the 

*R. & M. 916, Slot Control of an Avro with Standard and Balanced Ailerons,’’ 

Bradfield, R.A.E. 

R. & M. 968, ** Full-Scale Tests of a New Slot and Aileron Lateral Control,’’ Stevens, R.A.E. 
R. & M. 973, ** The Lateral Control of a Biplane by Combined Use of Ailerons and Varying 
Leading Edge Slots,’’ Douglas, Bradfield and Hartshorn, R.A.E. 
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spiral was ‘‘ with’’ the aileron control, not against it, as would 
have been the case in a similar experiment with conventional 
ailerons. 

(3) Recovery from a full spin was obtained by rapid reversal of the 
ailerons, although the rudder was kept full on and the stick hard 


back. 
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1000 k,, 


' 
1000 
Fic. 26. 
Example of Slot-and-Aileron Control at Values of « and ps/V applicable 
toa Full Spin. Avro Biplane. €=0 and +10c°, 
a= 39 


Values of ps/V are marked on the curves. 


The result (3) represents a remarkable success for this contro] and would 
hardly have been predicted from Fig. 26, where the application of €=+10° to 
stop a spin at ps/V=0.31 at a=39° would, while producing a powerful rolling 
moment in the right sense, produce also a large yawing moment reinforcing the 
rudder in maintaining the spin. 
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§ 8 BALANCE OF CoUPLES FOR BRISTOL FIGHTER AND B.A.T. BANTAM 


We are now in a position to collect the various component couples of which 
a survey has been given and to attempt their balance. The Bristol Fighter and 
B.A.T. Bantam aeroplanes are convenient examples to take because, besides 
being well known and contrasted types of which the first has proved safe to spin 
and the second very dangerous, a fairly complete collection of model data exists 
for each. 
The differences, most relevant to the present discussion, between these aero- 
planes are 
(a) The Bristol Fighter has a positive stagger of 18°, the Bantam has 
zero stagger. 
(b) The inertia couple coefficient is in the Bantam more than double its 
value for the Bristol Fighter at given a and ps/V. 
(c) The decrease in rudder efficiency at large incidence is much more 
pronounced for the Bantam than for the Bristol. 
(d) The Bantam has the more backward C.G.—o.40 compared with 0.35. 


§ 8.1 The Equation of Pitching Couples 
8.1.1. In the pitching equation :— 
mi+ mi, + ma+ my+ mg +mp+mv=o. 
We have already considered every term except mp and mv, the contribution from 
rate of roll and sideslip, both of which are of secondary importance. 

The sideslip effect on pitching moment has been investigated on models of 
several different aeroplanes. For incidence above stalling mv is nearly always 
positive, it is greatest just above stalling, it is almost negligible unless 8 exceeds 
10°. and it is mainly an effect of the tail unit. As to mp, we should expect 
that the influence of rate of roll on pitching moment would be drawn both from 
the wings and the tail unit. Observations of the wing contribution have been 
made in one or two cases, but there is no experimental evidence regarding the 
tail. The value of this quantity is therefore rather conjectural, but it is not of 
great importance except in extreme cases. 

Figs. 27 and 28 exhibit on two diagrams, one for each aeroplane, the various 
pitching couples set out above. The Bristol Fighter diagram shows, between 
a=20 and 35 :— 


mi, for airscrew rotating, engine off, in a sense opposite to that of the 
spin. 
“ma for h=.35, ap (the tail setting) = — 3°. 


myn for »= 


mv for B= +20°. 
mp for ps/V=.5 (this is an outside estimate). 

In the Bantam diagram mi, is missing and ma is for h=.4o. 

8.1.2. These diagrams show very clearly the importance of the inertia 
couple in the group of pitching moments. Consider for instance the Bristol 
Fighter diagram, Fig. 27. If we exclude for the moment the damping couple 
‘mq, there is no positive aerodynamic couple of any magnitude to balance the 
large negative value of ma except the control. The possibility of balance appears 
to depend to a large extent on the sign of the damping couple, i.e., on the sign 
of q. We have already seen that there is no theoretical reason why 6 should 


mq for qs/V=.1 and —.1, 
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not exceed go°, and values exceeding go° are consistent with several observations 
of full-scale Bristol Fighter spins. When 6 is greater than go°, q is negative 
and mq positive. Curves of mq corresponding to qs/V=+0.1 are drawn on 
the diagram. At ps/V=o0.5 these correspond respectively to values of 6 of the 


km = m,* mat mot mpt mq 


0.04 


ma (= 


V V 
_/ ps / 
km mi * 03) mi, (Engine 


-0:02 

| 
(1 = 0°35, des = 1970) 


Fic. 27. 
Analysis of pitching couple equation (Bristol Fighter type). 


| 

| 

| 


672 THE JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY 


Analysis of pitching couple equatien 
(Bantam Type) 
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order 75° and 105°. The following table will put the question of balance in a 
clearer light. It refers to ps/V=o0.5 and exhibits the couple my which musi 
be supplied by the control, and the corresponding elevator angle for a range 
of incidence and for three values of qs/V¥, c.1, o and —0o.1 :— 


V =0.1. q3/V =o. qs/V=—o.1. 
a my n° ° 
20 C.004 —4 — 0.008 7 — 0.021 17 
25 0.027 — 23 — 0.003 2 
30 0.030 30 0.021 0.000 
35 0.044 — 37 0.024 25 0.014 12 


This shows that if qs/V is of the order 0.1, equilibrium at a greater than 30 
requires a much larger elevator control than the Bristol Fighter, with its limit 
of elevator movement of less than 20°, can supply. On the other hand, if qs/V 
is zero or negative, the curves of the diagram are in a general way consistent 
with full-scale observations, which require balance at about a=35, ps/V=o0.5, 
n= —20 and a qs/V which is probably in the neighbourhood of zero. 

The variation with incidence of the principal components of the pitching 
couple is also seen to be consistent with the maintenance of balance. For as a 
increases, ps/V will in general increase and q will become less positive; thus 
ma becomes more negative and tends to be balanced by the positive growth of 
the inertia couple mi and the couple due to rotation in pitch mq. 

The reversal of sign of the airscrew term mi, in a spin in the other sense 
is seen to provide a pitching moment which is not negligible compared with the 
other terms at a= 35, and if the engine is on, and the effect therefore doubled, 
it becomes of definite importance. 

8.1.3. As compared with the Bristol Fighter the outstanding features of 
the Bantam diagram, Fig. 28, are :— 

(1) The less slope and smaller magnitude of the static couple ma; this 
is clearly due to the zero stagger of the wings. 
(2) The much greater value of mi at the same value of ps/V. 

The values of mv and mp are of the same order and do not appear to be of 
the first importance. mq is estimated from the Bristol Fighter model measure- 
ments,* making due allowance for the relative dimensions of body, tail and wings 
of the two machines. 

The balance of pitching couples on the Bantam is a much more apparent 
possibility than on the Bristol Fighter, although there are no full-scale quanti- 
tive observations of spin equilibrium with which to compare estimates made 


from the model results. The chief features of difference between the two 
machines indicated above both point to the conclusion that of the two the Bantam 
is more easily held at high incidence in a spin at a given ps/V. In addition the 


elevator control of the Bantam appears to be falling off more rapidly with 
increase of incidence than does the same control of the Bristol Fighter. These 
factors are at any rate a partial explanation of the observed fact that the Bantam 
tends to develop a fast spin at high incidence from which it is slow to recover 
when the stick is again put forward. 

Taking them as a whole, tiie diagrams illustrate one of the major uncer- 
tainties in the correlation of full-scale observations with our present resources 
in relevant model tests. None of the aerodynamic curves will bear the closest 
scrutiny in its relation to the motion of a fast spin, and it could not be expected 
that they would reveal more than a general possibility of balance. 


* & M. 978, loc. ett. 
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Examples of Asymmetric Couple Analysis for Calculated Spins of 
Bantam and Bristol Fighter Aeroplanes. 
G,, rolling (about wind azis). 
Ga, sideslip. 
G,, yawing (about normal to wind avis). 
, rudder. 
G,, inertia. 


$8.2 The Balance of Asymmetric Couples 
All the components of the asymmetric vector couple equation :— 
Gy + Gp+ =o 
except G, have now been studied, and since r is almost invariably very small 
compared with p, the component G, may usually be neglected. 

Fig. 29 gives an idea of the magnitude and direction of the component 
asymmetric couples in certain cases where the balance has been calculated. The 
two Bristol Fighter diagrams refer to a=4o, ps/V=.45. In each case the 
ailerons are supposed neutral (€=o). 

Comparison of the two Bristol Fighter diagrams shows how all the aero- 
dynamic vectors tend to increase as ps/V increases. The Bantam and Bristol 
Fighter diagrams at the higher values of ps/V bring out very well the typical 
contrast in the equilibrium positions of biplanes with positive and zero stagger. 
At a=30, ps/V=.5, the Bristol Fighter is far beyond its autorotation range, 
l'p is negative and balance requires an outward sideslip (I/v positive). The posi- 
tion a=4o, ps/V=.45 is, on the other hand, within the greatly extended auto- 
rotation range of the Bantam; l'p is positive and an inward sideslip is required 
for balance. It will be noticed that the direction of G, approximately coincides 
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with that of the chord and that G; is important, owing to the fact that the inward 
sideslip is associated with a comparatively large positive value of q/p. 

To go into further detail we must resolve the asymmetric couple in two 
directions, and it is convenient to resolve along chord axes because the contribu- 
tion of the tail unit to the asymmetric couple, which is at present very uncertain, 
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Rolling Couples due to Rolling and Sideslip. 
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must be directed very approximately about the axis Oz’. Thus by resolving in 
these directions we confine the major uncertainties to one component. 

8.2.1. The Asymmetric Couple Component about the Aais Ox'—h)'.—The 
equation of balance in this direction is 

4 l'r=0. 

If we confine our attention for the moment to spins with neutral ailerons, [/pé 
may be replaced by I/p. Now since l/r is always small (because r is small) and 
li is only important if q/p is unusually large (as it is in the Bantam spin, Fig. 29), 
balance of rolling couples requires, roughly speaking, that l’pv should be zero. 
The effect of stagger on this couple is illustrated in Fig. 30, where I’p is plotted 
against a for three values of ps/V and for staggers of o° and 30°, together with 


curves of l/v against a for three values of 8. The sideslipping curves are taken 
from the Bristol Fighter model tests; the corresponding curves for the Bantam 
are very similar. It will be seen from Fig. 30 that the variation of I/p with ps/V 


and a is such that outward slip (8 negative for positive p) makes equilibrium 
possible (a) at a lower incidence at a given rate of roll and (b) at a higher rate 
of roll at a given incidence. A comparison of the curves for the two staggers 
reveals the fact that, roughly speaking, at a given value of ps/V the rolling 
moment curve for a staggered biplane (forward stagger) with negative sideslip 
approximates to that for an unstaggered biplane with zero sideslip. Hence it 
appears probable that a biplane with positive stagger will exhibit autorotative 
properties similar to a biplane with zero stagger if the rotation of the former is 
accompanied by outward sideslip. 

Referring again to Fig. 30, the lower diagram shows the possibility of 
balance at low incidence and low ps/V with negative sideslip, but balance at 
higher ps/V must be sought at higher incidence. If a is as large as 50° or 60°, 
little sideslip is necessary for balance. 

The upper diagram, on the other hand, shows a possible balance at small 
incidence with (a) low ps/V and small sideslip or (b) high ps/V and large outward 
sideslip. At large incidences, however, inward sideslip is required at all values 
of Ds, V. 

The principles of balance deduced for the upper and lower diagrams of 
Fig. 28 apply respectively to the Bantam and Bristol Fighter aeroplanes, 

It should be noticed that since 

is w/ gps . ps V) 
is constant at given a and ps/V, the appearance of sideslip of either sign intro- 
duces an inertia rolling couple 
(i= { (B—C)/Ss* } (q/p) ps) sin a) 
which reinforces l’v. 

We may conclude from the nature of the variation of rolling couple with 
p, v (or 8) and a that balance for a large range of values of p and v is possible 
at all incidences up to 60° and probably far beyond it. It follows that the upper 
limits to a and ps/V in real spins must be determined by the requirements for 
balance of pitching and yawing couples. Regarding the possible values of 8, 
it does not appear that 8 can lie outside the range + 20° except at incidences not 
far above the stall; and at these low incidences the large sideslip would be 
accompanied by a high rate of rotation which would preclude the possibility of 
balancing the pitching couples owing to the large inertia term. The limits 
+20° for B therefore probably apply to the vast majority of real spins. 

With regard to the effect of conventional ailerons on the equilibrium of 
rolling couples, little tunnel evidence is available. Their ineffectiveness in 
practice, however, is probably due, as we shall see, to their adverse vawing 
moment. 
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8.2.2. The Asymmetric Couple Component about Oz'—k,'.—The equation 
for this couple is as follows :— 
n'r is negligible because r is always small. 
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Curves showing typical values of the component couples for the Bantam 
model are collected in Fig. 31. The striking feature of this figure is that the 
graphs for the most part lie between the crdinates +10 until very high values 
of ps/V are reached. Further, the variation of any one component couple with 
incidence and ps V follows no simple law. The reason for this is no doubt 
partly to be found in the complex conditions of flow around the tail unit, which 
are referred to above in connection with rudder and elevator control. Further, 
the longitudinal force on any element of the wings above stalling is known to 
be always small and sensitive to conditions of working, so that the effects of 
rolling and sideslipping on yawing moment due to the wings would be expected 
to be complex. It would appear, therefore, that the balance of yawing couples 
in a spin is a condition dependent upon a large number of factors which all 
contribute small amounts to the total and which so far have eluded all attempts 
to analyse them with satisfactory precision. The sensitiveness to small changes 
i igging, and the differences in behaviour of different individual aeroplanes 


« 


in rig 
of a standard type, so often remarked in full-scale spinning, may be primarily 
due to variations in the contributory yawing couples. Any outstanding variation 
such as a large change of rudder area or rudder setting, or a movement of 
ailerons, producing a comparatively large yawing moment, will clearly have a 
very pronounced effect on the final values of a and ps/V in the steady spin; and 
this is amply confirmed by full-scale experience. 


§ 9 SAFETY IN SPINNING 


g.1. The threads of this somewhat disjointed discussion of a large subject 
may be gathered up by considering what it vields in the way of general principles 
of design which should be followed if accidents connected with the spin are to be 
prevented. If it is admitted that there is no case for trying to abolish the spin 
from flying régime, the problem of safety requires that it should be easy for a 
pilot (~) to avoid a spin following a stall and (b) to recover quickly from a 
voluntary spin. The first of these desiderata is fully studied in the Stability 
and Control Panel’s report on control at low speeds. We need oniy refer to the 
conclusions expressed in that work, namely, that adequate control in_ stalled 
flight is best secured on typical modern aeroplanes by (1) the replacement of 
conventional ailerons by a control which will provide a large couple about an 
axis approximately coincident with the body axis at all incidences above the stall, 
and (2) increase of rudder power above that usually provided. There is strong 
reason to hope that the slot-and-aileron control will ultimately provide a satis- 
factory solution of (1), and there is no evidence at present that this control, 
which has proved to be satisfactory in relation to the incipient spin, will conflict 
seriously with what is required, under (b) above, to ensure safe recovery from 
an established spin. : 

Thé problem of safe recovery from an established spin must obviously include 
the question, what are the factors in design which lead to abnormally fast spins 
at abnormally large angles of incidence? For with given controls a violent spin 
will entail a longer and more difficult recovery than a gentle one. It is clear that 
we must argue at present mainly from what our qualitative analysis of the 
mechanics of the steady spin enables us to infer are the salient characteristics of 
the motions of entry and recovery. There does not seem to be any doubt, 
however, of the general influence of the following details of design. 


§ 9.2 Position of the Centre of Gravity 


Movement of the C.G. forward along the chord has two effects:—(1) At 
any incidence it increases the pitching moment in a sense to depress the aero- 
plane's nose ; (2) at incidences below stalling it increases the stable slope of ma, 
but above stalling this slope is unchanged. We have already pointed out that 
the advantage of a forward C.G. in providing a more negative wing pitching 
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moment at incidences above the stall is largely nullified in practice because the 
tail setting is adjusted so as to trim the aeroplane at a roughly constant incidence. 
There will always, however, be a small advantage in this respect, and it may 
become very important in an aeroplane for which a small change in the balance 
of pitching couples is sufficient to account for the passage of the spin into regions 
of higher incidence and faster rates of rotation from which recovery is much 
more difficult and uncertain. Increased statical stability just below stalling has 
some bearing on the problem of the incipient spin. While it is quite ineffective 
in some predicaments (such as the most notable one of engine failure while 
climbing) which lead to an involuntary passage beyond the stall, and hence to 
the incipient spin, in others it may be beneficial. The opinion that the provision 
of a higher degree of static stability than is now customary has an adverse effect 
on controllability, especially at landing, is very general, but we are not con- 
vinced that it would be valid if more attention were paid to the design of tail 
and elevator. 

Thus it seems that although the C.G. position is not as important in relation 
ic spinning as might at first sight be inferred, a forward position will lessen 
in some degree the danger of the involuntary stall and will also render some- 
what easier the recovery from an established spin. In designs where recovery 
is likely to be slow even with elevators fully depressed, a backward movement of 
the C.G. would certainly add seriously to the risk of failure to recover. 


§ 9.3. The Arrangement of Biplane Wings 

Every test which has yet been made on the effect of stagger on biplanes 
shows that as positive stagger is reduced the spinning properties of the biplane 
grow more dangerous. <A biplane of zero stagger continues to autorotate up 
to incidences exceeding 60° and the couple about the mean chord is in a sense 
to assist the rolling motion up to large angles of incidence. In addition to this 
the recession, above the stall, of the centre of pressure as the incidence increases 
hecomes slower with decrease of positive stagger. The resulting decrease in 
the stable slope of ma tends to facilitate the growth of incidence in the entrant 
motion and to render more difficult the return to normal incidence. Thus, if a 
given aeroplane is fitted successively with biplane wings of positive and negative 
stagger, everything in the latter arrangement will be favourable to the attain- 
ment of higher incidence and greater rates of rotation. 

The effect of variation of gap appears to be of secondary importance, and 
if a substantial amount of forward stagger is provided it is not anticipated that 
moderate variation of gap will have any great consequence, provided the 
gap/chord ratio is not much less than 1.0, 


§ 9.4 The Moments of Inertia 


We have seen that if the wind tunnel analysis of the aerodynamic pitching 
moment is in any degree rehable, then the inertia pitching couple is the only 
couple of any importance (besides of course that due to the elevators) which is 
tending to elevate the nose of the aeroplane. In the production of a voluntary 
spin, on an aeroplane reasonably stable in normal flight, it is probable that 
almost the whole of the available elevator control will be used up in attaining 
the preliminary stall. As soon as the rotation is started the inertia pitching 
couple comes into play and grows with the rotation and with the growth of 


incidence which it itself produces. The interaction of rotation, incidence and 

inertia couple is cumulative and is in our view the real explanation of how very 

large incidences can be attained in fast spins. The inertia couple being pro- 
: 


portional to ¢ 


—A, it is necessary in order to minimise as far as possible the 
growth of incidence to arrange the distribution of mass so that (—A is small. 
This 1s admittedly difficult in view of the fact that C—AA is, in a typical aeroplane, 
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roughly the moment of inertia of the body about the lateral axis. It is probable, 
however, that a good deal could often be done in the reduction of C—A by 
avoiding the distribution of heavy weights in the fuselage at great distances 
from the C.G. 


§9.5 The Influence of the Running Airscrew and Parts which Rotate 
with it 

It has been pointed out that the inertia pitching couple from this source, 
though small in general compared with that due to the aeroplane, is significant 
in that its sign depends on the sense of the spin. It accounts at least in part 
for the observed differences in spins to right and left when the airscrew is 
running, and it may set up a dangerously fast spin in a sense opposite to the 
rotation of an airscrew and rotary engine operating at full power. 


§ 9.6 The Controls in Recovery 


Pilots appear to be almost unanimous in the view that conventional ailerons 
have no appreciable effect on the motion of recovery. In accepting this evidence 
it should be pointed out that it does not mean that conventional ailerons are 
inoperative at all stages of the spinning motion. On the contrary, we have 
referred to the fact that the B.E.2C. settles down to very different spins according 
to the sign of the aileron setting, and have inferred that conventional ailerons 
are mainly active in providing a yawing moment. The action of the slot-and- 
aileron control in the motion of recovery has been shown to be successful on the 
Avro, but this control has not yet been sufficiently tried in relation to recovery 
from fast spins to warrant a strong expression of opinion as to its utility. 


Conventional ailerons being inoperative, the burden of recovery from a spin 


must for the present be laid on elevator and rudder. In the past, these have 
never been designed with an eye on the couples they may have to supply in 
recovery from a spin. In one sense this is natural enough, for the magnitudes 


of these couples have been quite unknown. Nor, it must be admitted, have we 
yet attained a sufficiently precise analysis of the couples to enable us to put 
forward a minimum figure for elevator and rudder power in relation to the 


spinning of any given aeroplane. Nevertheless there is, we think, an unassail- 
able general argument in favour of an increase in rudder and elevator control 
over that which ts regarded as adequate for normal flight requirements. Taking 


a general view, it seems that tail unit design in the war period was by a happy 
accident just sufhcient to ensure recovery from fast spins if the controls were 


properly used. The margin of safety was, however, even at this stage not 
large. he post-war trend of design of small aeroplanes has been on the whole 


towards a far back C.G. zero stagger, and short bodies of large cross section 
both at the wings and near the tail; and in some cases a concentration of heavy 
weights in the fore part of the fuselage has increased ('— A. It is not surprising 
therefore that as there has been no corresponding readjustment in tail unit 
design the margin of safety in spinning has dwindled in some cases to vanishing 


point. The easiest and most obvious way to increase tail unit control is by 
increase of surface, and there is ample evidence that an increase intelligenth 
disposed gives increased control in recovery. Moreover, any increase in tail 
surface has the advantage of increasing the weathercock stability in pitch and 
vaw, with favourable effects in guarding against the incipient spin and rendering 
the fast spin more difficult to establish. As a temporary measure, an increase 


of 30 per cent. in both elevator and rudder area over that deemed satisfactory 
for normal flight control is perhaps advisable in any case in which the aeroplane’: 
design includes one or more of the features which have emerged as_ being 
dangerous in relation to spinning. 
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On the other hand, observation of the air flow over the tail in the spinning 
attitude is perhaps the most pressing immediate problem in spinning research. 
We have seen that loss of tail unit control in the spin is largely the result of 
complicated interference effects between tail plane, fin, fuselage and wings. It 
is indeed probable that the provision of adequate tail unit control in a spin will 
ultimately be a question rather of the intelligent disposition of surfaces of normal 
size than of increase of area. 
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DISCUSSION 


The CuarkMan, after expressing regret that Prof. Lindeman, who had carried 
out tests on spinning at the Royal Aircraft Factory during the war, was unable 
to attend the meeting, invited Mr. Mackinnon Wood, who had been associated 
with the work, to open the discussion. 


Mr. MacKinnon Woop: He had not been in close personal contact with 
a spinning aeroplane since nearly ten vears ago, when he had made some observa- 
tions for Prof. Lindeman. The chief thing he remembered about it) was that 
he had cast an anxious eye on the altimeter as the machine passed over from a 
right-hand to a left-hand spin, not knowing that Prof. Lindeman intended to do 
this, perhaps the first occasion on which it had been done. He had been closely 
associated with Mr. Bryant and Mr. Gates on the Stability and Control Panel, 
and whatever he had had to say on the subject, either had been said by them, 


or he had ceased to wish to say it. Mr. Bryant had given an excellent summary 
of the subject. The model demonstrating the effect of the inertia term 


(C-A)pr was a very effective means of putting the point. 

Wing Commander BustTEED: His experience of spinning was somewhat out- 
of-date, so that he was unable to contribute constructively to the discussion. 
He had not realised that the forces to which a machine was subjected when 
spinning were anything like so numerous as was indicated by the paper. 

Mr. Bramson: He felt somewhat overcome by the number and complexity 
of the forces and couples which, apparently, a machine was subjected to when 
spinning ; had he realised that, he would probably have refrained from spinning. 
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He asked for more information concerning the couples, particularly the centrifugal 
couple which tended to increase the incidence. In the model this was extra- 
ordinarily effective and clear; the axis of rotation passed more or less through 
the centre of gravity of the body, and one could see clearly that the centrifugal 
effect would cause the angle of incidence to increase. But, if he remembered 
rightly, as a rule the axis of rotation was somewhat in front of the body, and it 
was not quite clear to him that the centrifugal effect would be the same in that 
case. He confessed that the subject of autorotation was not quite clear to him, 
and he would be glad to have a further explanation of it. Again, he would like 
to know whether a machine—an S.E.5, for instancee—when in a spin would 
lose height at a greater rate than it would if it were in a_ straight 
stall—assuming, of course, that it could be kept in a_ straight © stall. 
That had a bearing upon the question of the safety to be derived from sundry 
new devices, such as Mr. Handley Page’s slot, calculated to ensure that aero- 


planes no longer spin when stalled. 


Mr. E. Ff. Retr: He had seen the whole development of the work from the 
same angle as Mr. Bryant, inasmuch as he was in charge of the Department in 
which Mr. Bryant worked. There was one unexplained mystery in the records, 
namely, the peculiar oscillation in the acceleration record. Was it not possible 
that that was simply an oscillation of the machine itself during the spin? Mr. 
Bryant had dealt so far only with the equilibrium of the spin, and when that 
had been worked out completely there still remained the more difficult problem of 
considering the stability of that equilibrium. The irregularities in the records 
shown might be due to oscillation about the position of equilibrium; he did not 
know whether they bore any relation to the ordinary longitudinal periods. With 
regard to the work it was proposed to do in the future, he said Mr. Bryant had 
expressed the view that they had got about as far as they could get from existing 
data, at any rate on the model side. The thing to do, then, was to measure in 
anew way. The great difhculty up to the present had been that they had had 
to superimpose the different motions. When a wing was rotating in roll, and 
was also side-slipping, one could not necessarily add the effects due to those 
two motions. There was at least one known case where the addition was not 
true, and further data might considerably modify the conditions of equilibrium. 
He did not think that anything of that kind would change the fundamental con- 
clusions Mr. Bryant had come to, but it was proposed to look into it in more 
detail in the wind tunnel by mounting a model so that it could rotate about an 
axis as in a spin. Under those conditions it was hoped to measure the three 
forces and the three couples. Fortunately, the three couples seemed to be the 
easiest from the point of view of measurement, which was bound to be difficult 
in any case, because the whole model was rotating in a wind tunnel and it was 


not easy to get hold of it to measure anything. Some methods for doing it were 
already outlined. Finally, he expressed the hope that everybody would 


read the paper in its fulness, and that in some few vears’ time Mr. Bryant and 
Mr. Gates would present to the Society a paper which would probably be three 
times as long as the present one, and ten times as complicated, on the stability 
of the spin! 


Dr. THurston: He ventured to differ from the author’s statement that. it 
was due to happy accident that there had not been more’ fatal spins in the past. 
The designers of aeroplanes had not expressed their own knowledge in these 
complicated forms and had not resolved single forces into many, but there was 
a great deal more thought and science behind their efforts than they perhaps were 
capable of giving expression to. The aeroplane as developed was the result of 
the piled up practical experience and careful thought—unexpressed or inexpressible 
thought, if one would have it so—of many clever minds, and he felt sure it was 
due to this that the wonderful practical grip, which our designers and pilots had 
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of this problem of spin, was secured so very early in the war. Like Mr. Rell, 
he had been very interested to notice the oscillation in the author’s curve, and 
it seemed to him that that opened up a wide field for investigation. © The 


mathematics and the labour involved in the investigation of this seemed to be 
appalling; whether that was necessary, or whether it would be better to devote 
time to devising simple instruments which could be taken on to a machine for 
measuring these various couples in actual flight, he would not like to saw. As 
a practical man he would much prefer that such instruments were devised, because 
it was possible that by the use of such instruments in the air under actual flying 
conditions we should be able to get much more reliable and useful data. 


Mr. H. B. IrRvinc: As a member of the Stability and Control Panel of the 
Aeronautical Research Committee, I, too, have been closely associated with the 
work of the authors, and my main excuse for speaking is that I wish to add my 
tribute of appreciation of their work. Perhaps I am specially qualified to do so, 
because a year or two ago it was my duty to attend the meetings of the Accidents 


Sub-Committee when spinning accidents were being investigated. At that time 
the causes of non-recovery from a spin were far from being understood, but were 
rather matters of mystery and conjecture. Various opinions were put forward 


as to the causes of spinning accidents. Some suspected that stagger and gap 
were the deciding factors making for either safety or danger, and others thought 
that those factors scarcely entered into the problem. Again, with some machines 
the factors of trim and ri 
and danger, but how the 
machines had very different spins according to the direction of rotation. Some- 
times the switching on of the engine brought a machine out of a spin, while in 
other cases it seemed to have no effect. Then as regards model experiments, 


gging seemed to make all the difference between safety 


came to do this no one understood. Similarly, some 


considerable doubt existed as to the exact bearing of autorotation on spinning, 
and whether a high speed of autorotation really meant a fast and dangerous spin. 
Such was the position as recently as the early part of 1924, and, IT should likie 
here to substantiate my remarks by quoting the following extracts from the 
Annual Report of the \eronautical Research Committee for 1923-24 :— 


“Two accidents to aeroplanes due to non-recovery from spins are as 
yet unexplained, as well as is a third and quite recent accident in which, on 
the first occasion when an aeroplane of a certain type was spun, it continued 
to spin from a height of about 2,oooft. until it struck the ground. While 
the general characteristics of the motion in a spin are understood, the state 
of knowledge is not sufficiently detailed to enable the particular features in 
design which lead to difficulty in recovery from a spin to be recognised.’ 


Contrast that position with the present state of knowledge, as revealed by 


Mr. Bryant and Mr. Gates. The characteristics of the motions are not only 
clearly set forth in the paper, but there does not seem to be any doubt that we 
now know what features in design lead to danger. [I should like to refer here 


to two points on which the authors have made exceedingly helpful contributions 
to the theory of spinning. In the first place, the mystery of the widely different 
spins according to direction of rotation, and the uncertain effect of switching on 
the engine, have been cleared up by a contribution from Mr. Gates, who has 


given a very simple explanation from gyroscopic theory. Nobody had put forward 
that explanation previously, and until then the matter had been a mystery. The 


second point is the fact that, as shown in the paper, by far the largest component 
rotation in the spin must be that about the wind axis, and we have to thank Mr 
Bryant for the reasoning which has established this simple fact. It gives at 
indication at once as to the bearing on the actual spin of model rolling experiments, 


in which the axis of roll is of necessity generally the wind axis, and usually 
passes through the centre of gravity of the machine. Finally, I should like to 
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thank the authors particularly for their correlation of theory and facts into a 
connected, clear and logical whole as has been done in their paper. 

Flight Lieut. F. WorkMAN: He was intensely interested in the paper, inas- 
much as he had had the opportunity of doing a limited amount of work on the 
subject some years ago and had since, to his regret, rather lost touch with it. 
He was gratified to note the authors’ establishment of the fact that either wing 
might be down in a theoretically steady spin. He doubted whether it was 
psychologically possible for the pilot himself to realise which wing was down; 
he certainly had never succeeded in doing so, even when he spun to look for it 
particularly, after having observed certain aircraft spinning to the right with their 
left wings dipped well down, and vice versa. He had further observed what 
appeared to be a distinct oscillation in yaw when watching certain aircraft being 
spun. In a spin to the right their left wings dipped well down during a portion 
of what looked like one revolution, and came up again. Such an oscillation could 
be accounted for by the loss of weather-cock stability, due to the blanking out 
of the tail unit, if there were any inherent tendency towards such an oscillation. 
Speaking very generally, he said he was led to the conclusion that, just as the 
gyroscopic pitching, rolling and yawing couples lagged one behind the other in 
phase, so did the aerodynamic couples; that these two sets of couples tended 
towards the building up of oscillations in pitch, roll and yaw as the aircraft fell 
into a spin; that such oscillations were damped out considerably by the time 
the aircraft was spinning; but that the attainment of a truly steady spin without 
any oscillations whatsoever would be the exception rather than the rule. In other 
words, it would be strange if the predominant aerodynamic couples, sensitive 
as they were to changes in incidence and yaw, should ever exactly balance the 
gyroscopic couples in magnitude and phase. He pictured the aeroplane as 
** porpoising *’ on its spiral path. He had certainly failed to establish this, 
but he was particularly gratified to note the distinct oscillation in pitch and normal] 
force recorded for a Bristol Fighter, and equally disappointed and surprised to 
see no complementary oscillations in roll or yaw. To him the absence of the 
latter was more mysterious than the presence of the former, and he would be 
very much interested in the ultimate explanation of this apparent anomaly. 

\gain speaking very generally, if it were accepted that the gyroscopic couple, 
tending to raise the nose, was the predominant factor in the maintenance of the 
high angle of incidence, and that low damping in roll, and yaw at high angles 
of incidence were the predominant factors in the continuance of the rapid angular 
velocity, much valuable empirical information should be obtained by evaluation 
of this pitching couple in terms of moment of inertia, Lp and Np, for as many 
aircraft as possible. 

With regard to the design criteria to secure ability to recover from a spin, 
he said that if it were practicably possible to introduce heavy damping in roll, 
this might prove the most rapid means of recovery of aircraft with the present 
standard type of tail unit, as the rate of roll was the predominant variable in the 
gyroscopic pitching couple. The authors seemed to have put the problem of 
design to secure recovery in a nutshell when they had suggested that the best 
solution lay in the intelligent disposition of control surfaces of normal size. 

Mr. W. E. Gray: The speaker asked whether it might not be possible to 
recover from a spin, not by un-stalling the main planes, but by stalling them 
completely ; /.¢., to bring the machine out through a flat spin instead of through 
a dive. 

Mr. F. Hanpirey PaGe: He also had been rather perplexed by the multitude 
of forces referred to by the authors, but, being perhaps more single-eved than 
some of the other people present, he had lit at once upon siot and aileron control 
as being an outstanding feature that one might discuss. That did seem to offer 
a means of avoiding or getting rid of incipient spin. But in the various mechan- 
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ical devices which his firm had tried out in their application to aircraft, the one 
which they had found easiest to fit and the lightest to operate was not one in 
which they actually moved the forward aerofoil—which, in the main_ plane, 
constituted the slot arrangement—but rather an arrangement (which they had 
called an ‘* interceptor ’’) at the back of the slot itself. If one could imagine 
a wing with the forward slot open, they had fitted behind the slot and above 
the front spar a small flat plate, about 3ft. 6in. long and 3in. high, which normally 
rested snug in the plane itself, and was moved upward by an upward movement 


of the aileron control. That had had an effect exactly similar to the effect of 
closing the slot, i.e., it had caused a stalled state on that side of the wing whilst 
the other side was still lifting. It had an advantage over moving the forward 


aerofoil itself, in that the forces were very much less, and one was not moving 
an actual main-load-bearing member of the wing. The enclosed sketch is 
self-explanatory as to the operation of the interceptor flap) conjunction 
with the aileron. 

The CHAIRMAN assured Mr. Handley Page that the Society would be very 
glad indeed to have details of the device he had referred to, to 
publish them in the Journal. Dealing with spinning, he said it seemed 
obvious that the spin, for military purposes at any rate, would remain for some 
time a necessary manoeuvre. The paper had summed up very well indeed the 
necessity for the avoidance of spinning, and for quick recovery from a voluntary 
spin. He was of opinion that the observations of pilots when spinning were neces- 
sarily unreliable. \fter all, very few of them went in for spinning as a hobby, o1 
for pleasure, but for other reasons. He did not do it for pleasure, and he did 
not enjoy it very much, and after listening to the paper and learning of the many 
forces involved, he doubted whether he would ever do it again (laughter). Was 
it not pardonable that pilots should not always be able to analyse clearly thei 


experiences when spinning ? 

REPLY TO DISCUSSION 
’ Mr. Bryant, replying to the discussion, thanked the speakers, on behalf 
of Mr. Gates and himself, for their contributions to the discussion. Dealing with 


Mr. Bramson’s remark, that he could not see how centrifugal force produced 
an inertia couple in the actual spin, he said the reason was that in the actual 
spin the rotation of the model was combined with a side-slip, with a horizontal 
component velocity of the C.G.) The centrifugal foree on the various parts of the 
model could be looked upon as being made up of a force at the centre of gravity, 
which represented the centrifugal foree on the model as a whole, combined with 
the centrifugal force which appeared as an inertia couple due to the rotation 
of the model about an axis through its C.G., Le., due to the relative motion ot 
the parts of the machine which could) give rise to an inertia couple due to 


centrifugal force. With regard to autorotation, he referred Mr. Bramson_ to 
the paper, because too much time would be needed to explain it in detail, and 
it was explained simply in the paper. He believed it was true that loss of height 


in a spin must necessarily be much greater than loss of height during a straight 
stall—at any rate, with elevators of the present size. 

Dealing with Mr. Relf’s remarks as to the oscillations in the full scale records, 
he said the people at the Royal Aircraft Establishment had had some suspicion 
that those oscillations might be a relic from the previous motions of the machine 
before the spin commenced, but he did not think one could do more than speculate 
onit. Dr. Thurston appeared to think that the authors had referred in a dispar- 
aging manner to the designers, but he assured him that’they had no such intention. 
All they had meant to point out was that in the early days, before anybody knew 
much about spinning, the controls were designed for pu&poses ‘of normal flight, 


} 


end it so happened that those controls were adequate fdr bringing a machine 
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out of a spin; but the designers had made changes in later types which, without 
their knowing it, had led to the machines being dangerous in a spin, because those 
controls were no longer adequate. 

He was atraid that Flight-Lieut. Workman had the better of him in his 
discourse about oscillations, and he did not understand how Flight-Lieut. Work- 
man had managed to persuade himself that they were inevitable. He could 
quite understand that the process of getting into a spin was not necessarily simply 
that the machine glided or fell into it; possibly oscillations of some sort were 
bound to take place in the first few turns, but the whole thing was a matter of 
speculation, because there had been no means of studying the motions of entry 
into a spin. Flight-Lieut. Workman had tried to calculate the entry motions 
into a-spin but could not come to any satisfactory conclusions with regard to 
the steady spin because his data was not satisfactory, and it was only during 
the last year or so that data of any use at all in studying the spin had become 
available. 

With regard to the suggestion by Mr. Gray, that a machine might be got 
out of a spin by stalling both wings completely, he said the answer to that 
was that one could not alter the incidence distribution along the wings without 
stopping the rotation, and it was essential to stop the rotation in order to get out 
quickly. It was possible that if the elevator were pulled down—if the stick 
were pushed forward—the machine would come out of a spin without moving 
the rudder, but the usual method of coming out was to reverse the rudder first, 
because the rotation was then stopped much more quickly. As the rotation slows 
down the inertia couple holding the machine at a high incidence rapidly decreases, 
so that the elevators’ action is materially assisted. 

At the conclusion of the discussion a hearty vote of thanks was accorded the 
authors for their paper. 


Mr. Gares (Communicated) : In reply to Dr. Thurston, the job of the research 
worker in aeronautics is to provide a foundation of verified theory on which the 
designer can build. No one can be expected to provide adequate controls for 
a manoeuvre until its mechanics have been studied, and it is only recently that 
the research worker has been able to say confidently that tail unit controls of 
conventional design are in many cases only just powerful enough to ensure 
recovery from spins of single-seater aeroplanes. The designer now has definite 
experimental facts and analysis to guide him, and can properly be asked to 
pay some attention to spinning requirements; but in the war period he designed 
the tail unit for flight below the stall and pilots found that tails so designed 
happened to be sufficient for controlling the new manoeuvre of spinning of aircraft 
of that period. If Dr. Thurston will refer to $6 of the paper, he will learn that 
a good many instruments have been devised at the R.A.E., to measure the 
dynamical characteristics of a spin. Whether these are simple enough to pass 
Dr. Thurston’s standard is doubtful, but we should be only too glad to hear of 
simpler ones which would give the same information. 

The issue which Mr. Workman raises can perhaps be put thus. If, afte 
the wings are stalled, the rudder is put over, the subsequent motion will be one 
of three types :— 

(a) The aeroplane will eventually attain a steady spiral motion, i 
the spin, after an entry which can be mathematically represénted as a series 
of damped oscillations and subsidences towards the equilibrium position. 

(b) The velocities will increase without limit. 

(¢) The motion will eventually become a series of undamped oscillations 
about a mean position. 


Mr. Workman, it seems, favours (c) as the most probable final state; we on the 


other hand regard the equilibrium spinning position as a stable one, which is 


688 THE JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY 


attained after the motion (a), and it seems to us exceedingly unlikely that 
pure oscillatory type (c) is in general the final spinning position. 


Note on Relative Rates of Descent in Spin and Glide 


In further reply to Mr. Bramson we append the following :— 
Take given incidence a. 
V rate of descent in spin. 
glide. 
Approximately k,SpV?=W in spin. 
k,Sp (U cosec a)?=W in glide, 
so i,=hk, sin a, approximately. 
Hence (U/V)?=sin* a, 
and the rate of descent is much less in the glide than in the spin. 


the 
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PROCEEDINGS 
EIGHTH MEETING, SECOND HALF, 62ND SESSION 


The Eighth Meeting of the Sixty-second Session of the Royal Aeronautical 
Society was held at the Theatre of the Royal Society of Arts, 18, John Street, 
Adelphi, W.C.2, on Thursday, March 24th, 1927, when Major Wronsky read 
his paper on ‘* Air Traffic in Germany.’* Colonel the Master of Sempill, Chairman 
of the Society, was in the chair. 

Colonel the Master oF SEMPILL, in introducing the Lecturer, said: My 
duty this evening is a particularly pleasant and very easy one, as the Lecturer’s 
name is well known to all who are in any way interested in air traffic. He is 
unquestionably one of the brightest stars, if not the brightest, in the firmament 
of commercial aviation, and the Society is particularly fortunate in’ being 
honoured by his presence to-night. 

The title of the paper is slightly misleading, as Air Traffic in Germany is 
one thing, but German Air Traffic is another, and I think that this latter title 
would be the most appropriate as the Deutsche Luft Hansa’s activities, so largely 
directed by Major Wronsky, stretch far outside the confines of Germany. 

Major Wronsky has been intimately associated with the development of 
German air traffic since 1919, when he started to organise the first company 
purporting to provide air traffic in Germany after the War. It may be said 
with truth that he was the originator of the large combine known as the Deutsche 
Luft Hansa. Before these aeronautical activities Major Wronsky was a regular 
officer in the German Army, which he joined in 1898. He occupied many impor- 
tant positions and was at one time A.D.C. to the Emperor. 

On an occasion of this kind it is only proper that tribute should be paid 
to the person who laid the real base of commercial aviation and founded the 
first air trafic organisation in the world; I refer, of course, to the late Count 
Zeppelin, who designed his first airship over fifty years ago, although he did 
not succeed until] later in getting financial assistance to build a ship. Count 
Zeppelin formed the German Airship Transportation Company, known in short 
as Delag, in 1910 with a capital of Mks. 3,000,000. In 1911 quite a regular 
service was run and until the middle of 1914 expansion was continually being 
made. In all five ships were constructed, carrying during the years in question 
over 34,000 passengers without injury to a single passenger. Hangars were 
erected by the various municipalities concerned at a number of points and the 
popularity of this service was immense. No subsidy was paid to the company 
with the exception of a small sum, about £1,000 for training personnel for such 
ships as were purchased by the Navy. The reliability of this service, at least 
in 1913-14, was remarkable, go per cent. of the trips being accomplished 
according to schedule. 

Count Zeppelin was the first to prove the value of air transport, and inci- 
dentally the truth of Macaulay’s statement that ‘‘ of all inventions, the alphabet 
and printing press alone excepted, those inventions which bridged distance have 


done the most for civilisation.’ 


The Lecturer to-night is one of the most distinguished followers in his great 
countryman’s footsteps and we shall listen with great interest to all he has to 
tell us about the large enterprise, in the control of which he plays such a big 
part. 
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AIR TRAFFIC IN GERMANY 


BY MAJOR MARTIN WRONSKY 


(DIRECTOR OF DEUTSCHE LUFT HANSA A.G 


In addressing you, I wish to express, first of all, my sincerest thanks for the 
honour you have bestowed upon me to speak before the Royal Aeronautical 
Society of London about the ‘** Development of the Commercial Air Trathe in 
Germany.’’ It is with great pleasure | take the opportunity of giving \cu 
information about our ideas and intentions, and I hope that my explanations will 
assist in improving the understanding of our mutual needs in the service of the 
world’s commercial air trafic. The Chairman of the Roval Aeronautical Societys 
sent me a number of particular questions, and my speech, for this reason, goes 
in some instances very much into details which otherwise I would not have 
mentioned. 

If I now ask you for your attention to tell you something about the air 
trafic in Germany, I may mention that I have been with the management of 
German air traflic companies since 1910. 

[I was always convinced from the very beginning of German air trafic that 
to develop civil aviation could only mean to develop first of all the international 
side. 

I should therefore like to mention with gratitude, before commencing my 
programme, that at the many international meetings I have attended it was always 
the British air traffic companies, and especially Imperial Airways, which I found 
prepared to start the necessary relations for international co-operative work. 
I may further mention the fact that the first German line of greater international 
importance was the line London-Berlin which was exploited in conjunction with 
an English company and that it was indeed a_ historical moment when, in 
regular service, an English machine landed the first time in Staaken (near 
Berlin) and a German aeroplane in Croydon. 


Historical View 

In agtg the German Air Tratlic Company (Deutsche Luft Reederei), the 
first undertaking of this kind in Germany, and founded as early as 1917 by 
banking and industrial circles to study the possibilities of inaugurating regular 
air service, opened the first line on the route Berlin-Leipzig-Weimar. This 
occurred on the occasion of the first) national Parliament of the new 
German Republic. Besides this line, several other inner-German lines were 
soon afterwards started through this same company, and were, considering the 
conditions prevailing at that time, very successful. These achievements, however, 
caused great financial sacrifices. The time was favourable in many ways, but 
the companies constructing aeroplanes at that time could not build) machines 
satisfactory from an economical point of view, nor were the general public 
educated up to make use of the aeroplane as a means of general communication. 

The Air Trafic Company (Luft Reederei) asked the German Government. in 
the year 1920 for financial support, which was granted in the form of a subsidy 
given on the basis of kilometres flown. The German Air Trathe Company 
(Deutsche Luft Reederei) is the first company in Europe which received a subsidy. 
This interest in civil aviation thus shown by the Government, induced a number of 
other smaller companies to engage in air trathe. The result was that several com- 
panies were exploiting air services almost exclusively devoted to inner-German 
lines, even competing on these lines, without paving any attention and considera- 


tion to the requirements and necessities of establishing an aerial net on a common 
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basis. Besides the German Air Trafic Company (Deutsche Luft Reederei) we 
find at this time the following companies in Germany : 

Lloyd Luftverkehr Sablatnig. 

Deutscher Luft-Lloyd. 

Lloyd Ostflug. 

Lloyd-Luftdienst. 

Rumpler Werke. 

Bayerischer Luft-Lloyd. 

P. Strahle. 

Danziger Luftpost. 
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I may add, and draw particular attention to, the German-Russian Air 
Traffic Company (Deruluft). While the above-mentioned companies did not 
become important, the Deruluft is to be regarded as the joining link between the 
German and Russian commercial, as well as traffic, interests. The Deruluft was 
organised in December, 1921, as a sister company of the German Air Traffic 
Company with 2.5 millions goldmark working capital. Half of this sum was paid 
in by the Russian Government and the other half by the Deutsche Luft Hansa. 

With the exception of the German-Russian Air Traffic Company (Deruluft) 
the other German air trafic companies ceased to exist. Two reasons influenced 
in the main the cessation of work of the smaller companies. Firstly, the general 
economical position, which obliged to limit the subsidies, then, too, the political 
pressure brought to bear upon Germany through the limitations of the ‘* Nine 
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Rules ’’ of the London Agreement in May, 1921. With these two depressing 
tendencies prevailing, only the concentrated will-power determined to carry on 
commercial air traffic could be of success. Therefore two air traffic concerns 
appeared in Germany in the spring of 1923. Out of the majority of the smaller 
companies the German Aero Lloyd issued, which was supported by the entire 
German aeroplane constructing industry with the exception of the Junkers 
Aeroplane Works; the latter started the second air traffic concern out of an 
independent department of its own aeroplane works—the Junkers Air Traffic A.G. 

During the following three years Aero Lloyd and Junkers were in keen 
competition, which may have given the German development of air traffic many 
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valuable suggestions, for the success as trafic increased from year to year. Yet 
this could not delude us that the working side by side of two similar organisations 
in commercial aviation was economically speaking unprofitable, for aeroplane 
construction was, and still is, in a state of development, and the subsidies which 
were at our disposal either through the German Government or through the 
interest that several countries or large cities took in civil aviation, had to remain 
limited. Necessarily the process of centralisation must also take the last step; 
amalgamation of Aero Lloyd and Junkers in a single German air traffic company. 


In the late autumn of 1925 negotiations were commenced. These ended in 
the beginning of January, 1926, with the establishment of the German Luft Hansa. 
At first sight it must seem incomprehensible to the non-informed that in spite 
of what was said before, and although the aim to unite the German air traffi 
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as a whole was attained, that a number of other air traffic companies 


are still existing beside the Luft Hansa in Germany. These companies 
are called regional air traffic companies, their activities are limited and cover 
only a certain district. Their chief task is to arouse the public interest in 


aviation. They have no air traffic of their own, as they generally do not own 
any machines. They leave, moreover, the exploitation of the services to the Luft 


Hansa exclusively. Their object is merely to act as an intermediary between the 
exponents of German civil aviation, the Luft Hansa and the different states and 
provinces of the German Reich. Their existence has its cause in the general 


construction of the German Reich. 
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The German Luft Hansa 

The German Luft Hansa is actually the German Air Traffic Company. It is 
backed by the German commerce, trade, industry and banks. The Reich is also 
interested, but only to a smaller degree. With a capital of 25 million marks the 
company was formally founded on June 15th, 1926. To the board of directors 
belong well-known German business men as well as representatives of the various 
interested German Reich and State ministries as well as of cities. Besides the 
board of directors there is a so-called technical advisory committee, comprising 
the leading men of the aeroplane industry. The activities of the company are 
divided into four separate departments: business, technical, aviation and traffic; 
the latter with the sub-departments: passenger traffic, mail, freight, publicity and 
statistics. In the principal cities, as Berlin, Kénigsberg, Hamburg, Essen and 
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Munich, so-called district managers are installed, to whom the ground managers 
of the different aerodromes in their district are subordinated. 


Subsidy 

As in all European countries German commercial aviation cannot yet support 
itself out of the direct revenues of the traffic alone, which only amount to 30 
per cent. of the actual cost of the mileage flown, while the remaining 70 per cent. 
has to be furnished by public means. This subsidy is given by the German 
Government, the states, communities and various corporations. One can say in 
general that the lines leading over the German borders into foreign countries are 
subsidised by the Reich, while the other money-giving parties mentioned are 
interested in the development of an inner-German air traffic system. 

The German Government pays to the Luft Hansa a subsidy of Mark 2 per 
kilometre for single-engined) machines only. The subsidy for multi-engined 
machines is dependent upon the horse-power of the engines and as yet not definitely 
fixed. 


Aeroplanes for Civil Aviation and Their Construction 

The German air traffic system of the summer season of 1926, the figures 
and results of which I shall speak later about, was carried on with a park of 
about 120 aeroplanes. The German Luft Hansa is making use of the production 
of all the German constructing firms, among which in the first line I mention the 
Albatros, Dornier, Junkers and Rohrbach works. All aeroplanes which were at 
our disposal in April, 1926, were still built under the restrictions of the ‘‘ Nine 
Rules,’’ and were for the greater part single-engined machines which could carry 
at the most six passengers, including luggage and freight, like the Junkers F.13, 
the Dornier ‘* Komet *’ and the Albatros-Fokker. The only multi-engined type of 
aeroplane placed in service was the well-known Junkers G.24 type, which 
necessarily had to conform also with the ‘* Nine Rules.”’ 

When the negotiations between the ambassadors conference and the delegates 
of the German Transportation Ministry in May, 1926, came to a conclusion with 
the so-called Parisian Acronautical Agreement, the German aeroplane constructing 
firms had the possibility to work unrestrained. The time which has elapsed since 
then, not quite three-quarters of a year, of course is not sufficient to revolutionise 
the designing and constructing of aeroplanes. Nevertheless, the German 
factories have put at the disposal of the Luft Hansa a number of very capable 
multi-engined types. Especially to be mentioned are the Albatros ‘* L.73,’’ the 
so-called ‘‘ flying sleeper,’’ and the triple-engined Rohrbach ‘* Roland,’’ so that 
now after the twin-engined Dornier-Wal flying-boat may be used according to the 
Parisian Agreement, all in all, four multi-engined types are at our disposal. 
These are used chiefly on the international lines, while the single-engined machines 
are exploiting the inner-German auxiliary services. Typical for the German aero- 
plane construction is the utilising of metal as building material, and the 
cantilever wing. The firms Dornier, Junkers and Rohrbach build all-metal 
machines, while the Albatros works use metal in conjunction with wood and fabrie 
covering. 

It is interesting to state that almost exclusively monoplanes are designed and 
used in civil aviation in Germany. The reason for it is in the first place that our 
experts declare the cantilever wing monoplane type to be aerodynamically speaking 
superior to the biplane type. Germany is far advanced in the construction of all- 
metal aeroplanes, which made it possible to build bigger and bigger monoplanes 
with cantilever wings. 

At the same time though, the monoplane, especially if the wings are above 
the fuselage, gives the passenger a much greater and better range of sight, not 
counting that the cabin entrance is just above the surface of the ground, thus 
eliminating steps or special ladders, 
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At the present moment we are not yet in a position to make an indisputable 
comparison which of the two types, monoplane or biplane, is more economical, 
as we have since a very short time only put in service a two-engined biplane, 
‘* 1.73." of the well-known Albatros type. But we can say without doubt that 
the original cost of a wood and steel plane is essentially cheaper than that of an 
all-metal plane. We know from experiences gained with the famous Fokker aero- 
planes that fuselages, steering unit, undercarriage and engine bed constructed 
solely of grade welded steel tubes are by far cheaper, in the initial outlay and costs, 
than all-metal aeroplanes. The same can be said of the Albatros construction of 
the type L.73, because not only the body, the steering unit, the undercarriage and 
the engine bed are of welded steel tubes, but also the wings, with the exception of 


the covering, are completely constructed of metal. The wing supports consist of 
riveted dur-aluminium trellis-work carriers, while the ribs are of weak, high-grade 
steel tubes autogenously riveted. The Albatros L.73 is therefore an all-metal 


aeroplane, excepting the fabric covering, the fuselage, the steering unit and the 
wings. We know from experience that the repairs and the general maintenance 
costs of machines of this kind are cheaper than of aeroplanes of any other 
construction. 


Metal Propellers 

For many years the German aviation has followed with keen attention the 
development of the metal propeller. The metal propellers built by the Haw 
Company were to be the first ones tested. The Haw propellers underwent serious 
trials on our motor test beds for years, many faults either in construction or in 
the material used were ascertained and removed, and last year we were able to 
test several Haw all-metal propellers on our regular services. They stood the 
test very well. Only when we equipped our machines with more powerful motors 
and the Haw Company tried the suitable propeller on the engine test bed were 
further faults discovered. 

Haw had used cast steel for the hub and the wing centre pieces. Owing to 
mistakes in casting, this trial propeller for a 500 p.s. motor was demolished on the 
test bed. When we heard of this, we suggested to Haw to use in future, instead 
of cast steel, forged steel parts, and not only for engines of 500 and more p.s., but 
also for the propellers to be used for less powerful engines. 

After the Haw propellers in our possession had been changed accordingly, 
new trials were again made on the test bed, and after these had been satisfactorily 
ended, on several trial aeroplanes also. At the trial flights the improved Haw 
propeller stood the test very well, so that we have taken a number of them into 
use now. 

Besides the Haw all-metal propellers we have, to a great extent, tried the 
Aeron-Reed propeller of the firm Metalbank in’ Frankfurt a.M. We = have, 
on the whole, satisfied with these propellers. On account of its 
thin propeller blade, the Reed propeller is specially suited for fast-running 
engines. It has, compared to the Haw _ propeller, the disadvantage that 
the pitch of the propeller: blades cannot be changed easily. Moreover, 
the Reed propeller must, for a small alteration of the propeller pitch, be sent to 
the manufacturing firm, which then changes the pitch by repressing. It is 
essentially simpler with the Haw propeller. If it is necessary to change the Haw 
all-metal propeller, regarding its pitch, according to the capacity of the certain 
motor and the velocity of the flying machine designated for it, the change can 
be made by loosening and re-tightening of some screws in a few minutes. 

Of course we shall, as soon as possible, try other types of all-metal propellers 
which seem suitable to us, in order to have in a short time the possibility of 
utilising suitable all-metal propeller types on a large scale, as we expect there- 
from an increase of security of service and economy of our traffic machines. 
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Control and Engines 
The daily control of our aero engines, aeroplanes and their equipments, 
including equipment of instruments, takes place before every flight and on every 


aerodrome. The regular control of our aeroplanes is carried out after about 150 
working hours by our controllers of the control department, which is in direct 
connection with the technical management. The control department supervises 


the control terms and sends out the control men. 

Any claims are immediately looked after in the respective stations, and 
reported to the control department. 

Based upon the control reports the airplanes are overhauled thoroughly in 
one of our repair workshops. Complete overhaulings are made after an average 
of about 400-500 service hours. 

On delivery of an aeroplane into the competent repair shop it is investigated 
closely by the control, and thereby the damages are ascertained, 

This control is supervised by the respective wharf management. 

During the overhauling and repairing, the work is watched carefully by the 
control men of the competent repair yard. After overhauling follows the taking 
over by a controller of the control department, as well as by a representative of the 
German Air Ministry. Only then is the aeroplane handed over for service. 

The average time for repairs amounts to 

Three-four weeks for Fokker-Grulich aeroplanes 
Four-five weeks for Junkers aeroplanes. 
Six-seven weeks for G (multi-engined) aeroplanes. 

The engines in the various flying machines are looked over when in service 
by the control of the aeroplanes by the controllers. When an engine needs 
overhauling and is sent to a repair workshop, the control is made by special 
engine controllers of the engine department of the respective wharf. Hereby all 
constructive parts, and not only the vital ones, are tested as to their wearing-off 
and re-utilisation by special measuring tools. Cracks and crevices are examined 
with the magnifying glass or by knocking. 

During the time of overhauling, every part of every engine is controlled by 
the competent wharf controller. After finishing and controlling the motor the 
taking in charge of the same on the test bed follows after corresponding test runs. 
Only then is the motor declared to be ready for service by a representative of the 
German Institute for Aviation, part of the Air Ministry. The average time for 
overhauling is 

Rolls-Rovce Engine, Eagle 8 and 9, about 4-5 weeks. 
B.M.W. IV. and Junkers L.11 Engines, 24-3 weeks. 
B.M.W. VI. Engines, 35-4 weeks. 

Junkers L.V. Engines, 3-34 weeks. 

Sidd, Pum. Engines, 4-5 weeks, 


Instruments 

Special rules about the use of navigation instruments and the wireless 
operators have not as yet been issued by the proper authority, the Ministry of 
Transportation, but are still in preparation. Whe instruments found important 
application in our service only with the beginning of the winter air traffic of 1926. 

At present there are about 12-15 wireless stations in service. 

Wireless for telephony as well as telegraphy is fitted on multi-engined 
machines only. It is planned, in course of time, to fit out all multi-engined 
machines with wireless, which so far, in the service of the Luft Hansa, have 
been attended by special wireless operators. 

Turn indicators or gyro compasses, which are a great help in fog flights, 
are installed in the multi-engined machines. In multi-engined machines also an 
artificial horizon driven by electricity and a rudder indicator driven by atmos- 


pheric power are added as a completion and a reserve. 
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Accommodation and Comfort 

‘hen building’ newer types of aeroplanes the constructing firms are on 

WI building ty] pl tl tructing f 

the keenest look out to improve the accommodation and give the travellers as 
agreeable an abode as possible for many hours. We endeavour to give the 
passenger the feeling of ‘‘ roominess.’’ For instance, the cabin of the Albatros 
..73 has a width of 14 m., excelling herein the former:tvpes considerably, anc 
L973 Ith of lling | the former lerably | 
thus make it possible for the passenger to move about in the cabin quite com- 


fortably. The name of “‘ flyving sleeper’’ was given this type because with a 
simple movement the eight seats can be changed into four couches. The aero 
travellers naturally consider the noise of the motor as greatly disturbing. The 


Rohrbach works succeeded in equipping its machine ‘* Roland *’ with a silencer 
plant or a muffler, so that the passengers may converse in the cabin without 
raising their voices. At first we tried to make the cabins very similar to a 
compartment in an express train, but now our endeavours must go further, for 
the *‘ flying express train’? must in future, although it covers distances three 
times faster than its earth-bound companion, on the great air lines of the world’s 


air trafic make trips of a greater and greater length of time. 


Rohrbach Roland. Bu courtesy of the “ Aeroplane.” 


Pilots and Their Training 

The training of the German air traffic pilots is based on the following plan: 
Before the aviation pupil can be admitted to the German air traffic school (founded 
1926) in Staaken, he must have obtained the licence ‘‘ A’’ for pilots in an 


aviation training school. This licence entitles only to pilot a flying machine 
of 1,2d0 kg. total weight with a maximum speed of 150 hours-km. Another 


way of acquiring the A certificate is through the Sport Aviation Company 
(Sportflug G.m.b.H.), which has made it a special object to select capable young 
men for the traffic aviation school and to withdraw untalented applicants. If the 
pilot be found capable, he must go to the traffic aviation school. The require- 
ments here are versatile; with a practical course a thorough scientific technical 
one is connected. Before a pupil can take the first examination which entitles 
him to pilot a commercial aeroplane, he must have covered 5,000 km. on cross- 
country flights. He then is in possession of licence B. This licence only entitles 
him’ to pilot smaller commercial airplanes for small distances. One and a half 
to two years elapse before the pupil has acquired these two licences A and B. 
Still missing are licences C and D. Before these are given, renewed examina- 
tions and the covering of further and greater overland stretches are necessary. 
To get practice for the bigger machines, the owners of the intermittent licences 
are given a place as second pilot, together with a licensed pilot for commercial 
aeroplanes. To-day’s stipulation for licence D, which makes the owners thereof 
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aero captains, requires before it is given out amongst other things a covered 
stretch of 100,000 km. The Deutsche Luft Hansa is not obliged to engage the 
pilots trained in the aviation school, the enlistment follows moreover according 
to the necessities of the company and to the capabilities of the applicant, 


Pilots’ Pay 


The income of the pilots of the Deutsche Luft Hansa consists of (1) pay; 
(2) premium fees. 

The premium fees consist of a kilometre fee of 5-9 pfennigs per flown 
kilometre, according to the type of machine, whereby it must be considered that 
kilometres flown on night services are paid double, and a premium of 100 marks 
for every 5,000 km. flown without accident. The wages, which are arranged 
according to the km. flown of each pilot, vary between M = 275.- to M = 4ro.- 
per month, including an extra pay of M 50.- when married, and for the children 
M 16.- and M 12.- respectively. 

While the salary is also paid during the months in which the pilot is not in 
service, the premium fee is given of course only for the actual flights. According 
to the reports of 1926 the average income of a pilot who has been in service 
the whole year, amounts to about M 8oo.- to M = 1t,coo.- per month. 

Besides the above-mentioned figures giving the actual income of the pilot, it is 
to be remembered that the pilot, for every day which he spends in service outside 
of his home station, is paid a daily fee of M 13.-, which brings an average of a 
further income of about M 200.- to M 250.- per month. 


Results in Traffic 

The German Luft Hansa opened the regular air traffic after several special 
Jight undertakings, on April 6th, 1926. In the high season, 54 lines were 
flown, and 15 foreign and 57 inland air ports were reached. The length of the 
air net was all in all 20,408 km., according to which the flying machines of the 
German Luft Hansa flew daily once around the earth, comparatively speaking. 
One of the lines, the line Stettin-Stockholm, was a seaplane service, flown with 
Dornier-Wal, whilst the line Berlin-Kénigsberg was a regular night service flown 
with multi-engined Junkers. On October 16th the change was made to the 
winter air traffic, the length of the winter net was about 4o per cent. of the 
summer air traffic, namely 8,152 km.; 1o foreign and 23 inland air ports were 
touched in winter. In the scheduled traffic of the whole year 1926, the km. 
flown amounted to 6,141,479 km., against 4,949,661 in the year 1925. The 
increase in the flown kilometres of about 24 per cent. is very remarkable, as the 
service of 1926 rested during the first quarter. The passenger traffic 
increased in 1926 compared to the year before about 50.3 per cent., the 
mail carried about 86.4 per cent. In absolute figures the results for 1926 are 


the following :—56,268 passengers, 384 tons luggage, 260 tons freight, 300 tons 
mail. 

Regarding the mail carried, the night service Berlin-Kénigsberg showed the 
best results. The regularity of the summer service was, in spite of relatively 


unfavourable weather, very satisfactory ; it was generally not under go per cent 
On a great number of lines a regularity of too per cent. was achieved. Hand in 
hand with the increased traffic results, goes an increase of the percentage of the 
regularity of service. Two accidents with fatal results for passengers happened in 
1925, in 1926 only one similar case is to be recorded. 


Insurance 

In the question of accident insurance, the German Luft Hansa has since the 
beginning of its existence made an arrangement of considerable importance. The 
passengers transported by aeroplanes of the German Luft Hansa are insured 
against accidents when in possession of the ticket. The insurance fulfilment 


700 THE JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY 


amounts to M 25,000.-. By a passing incapability te work a daily compensation 
of 25 marks is granted. The expenses of this insurance are paid by the Luft 


Hansa, without causing an increase of the air journey prices, compared to the 
years previous, and the Luft Hansa in this way balances the otherwise common 


refusal of indemnity. This procedure has helped greatly to prove to the 
passengers as well as to the insurance companies, the safety of air traffic. The 


favourable results of the passenger insurance were followed by a_ constant 
lowering of premiums and consequently most of the insurance companies cancelled 
the special clause for aerial journeys in their policies. To passengers to whom 
the above-mentioned insurance sums do not suffice, the possibility is given to 
take extra insurance at the agencies and aerodromes. Luggage and freight 
insurance are to be had in all offices of the German Luft Hansa. 


Structure of the Aerial Net and Political Outlook. 

The German Luft Hansa sees its noblest aim in the erection and equipment 
of great international air lines. In covering long distances with the fewest possible 
intermediary stops, the aeroplane can demonstrate its greatest advantage—speed 

most clearly. It is its object to connect world trade centres, in a comparatively 
three times shorter time than other means of transportation.. Therefore we find 
to-day in the European net, lines which deservedly are called trans-continental— 
London-Berlin-Moskau; Ziirich-Miinchen-Wien-Budapest ; Malm6-Kopenhagen- 
Berlin-Prague-V ienna—are such highways of the air, and so the endeavours of 
the German Luft Hansa are to interest those countries which have as vet not 
been attached to the central European air net, for this great undertaking. The 
negotiations with Tschechoslovakia have been finished during the last weeks. The 
admission of the trans-alpine air traffic on the line Miinich-Milano is expected, and 
we hope too to ease the way of aerial communication with Spain. 

Next to these international lines the German Luft Hansa keeps up a closely 
meshed inner-German stretch net, which is much commented upon in Germany 
and other countries. It is being severely criticised by some, and for that reason 
it pays to call special attention to some points which demonstrate its importance. 

Although it seems to be certain that the future of civil aviation will bring a 
development of great non-stop international lines, no one of us could foretell 
that lines of only national character will not be operated also, and that is, 
gentlemen, why we did not consider ourselves justified to refuse the subsidies 
which the countries and municipalities, keen on getting connected with the inter- 
national air communications, placed at our disposal even though the exploitation 
of some of these lines was and is unsatisfactory from a purely traffic point of 
view. But these lines also give us, what is needed most, publicity. 

It is statistically proven that aerodromes which are located near the centre 
of a cit¥ are showing a better frequency than those in which the aerodrome is 
situated at a distance of several kilometres. A visit to the aerodrome in the 
rush hours, the acquaintance with air trafic from one’s own inspection, being 
thereby animated to take the ‘* risk ’’ of a first short air trip, does more to make 
air trafic popular than a hundred articles or lectures. As all aeroplanes pass 
over all larger German cities reguiarly, the population is impressed by this branch 
of air trathe, and it will be educated to an aviatic nation. Next to this ideal 
value, which is not to be underrated, a close inner-German net is also of great 
material importance. Only in this way can the organisation develop, the staff be 
trained, the technical and the department of instruments be specialised and 
valuable experiences collected, the results of which the near future will profit by. 

The development of the international air lines is naturally only possible on 
the ground of international agreements. At the beginning of my lecture I 
remarked that the Anglo-German air trafic was the first international one of 
importance, and with pleasure I state that the foundation for international co- 
operative work in air traffic was organised under the auspices of English and 
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German leading circles. It was the head of the English civil aviation, Sir William 
Sefton Brancker, who gave the initiative thought for the founding of an inter- 
national commercial aviation association, and owing to his suggestions in 1919 
the International Air Traffic Association, TATA, was founded. 


The Political Situation 

Before I speak of the work achieved by the IATA, I shall give a_ short 
outlook of the aero-political position of Germany, as seen during the last year. 

As with all political undertakings of Germany after the war, the starting- 
point also of the German aerial politics is the peace treaty of Versailles, in which 
the paragraph pertaining to aviation is termed thus: ‘* The armed power ol 
Germany is not allowed to possess or naval military forces.”’ Civil 
aviation was not mentioned in these stipulations. After Germany saw that it 
was to be excluded from the then only possible aeronautical enterprise—from the 
military aviation absolutely and from the sport aviatics almost completely—it was 
compelled to look for new ways; it could not, as a big nation with a strong 
aeronautical past, renounce aviation. Soon after the war ended, there began in 
Germany the concentration of all aeronautical initiative on the construction ot 
civil aeroplanes and the organisation of commercial aviation. The earliest 
development went on without hindrances, but the Ambassadors’ Conference 
extended the prohibitions, which originally were only meant for military aviation, 
in the Agreement of London of May, tg21, also to the civil aviation through 
the ‘‘ nine rules,’? which handicapped Germany and its commercial aviation 
from 1921 until March, 1926; indeed, five vears. They referred to aeroplanes 
and airships as well. The latter can be omitted in this report. The restric- 
tions for aeroplanes were stated in short as follows: The speed of a German 
commercial aeroplane was not allowed to exceed 170 km. per hour, with a 
loading capacity not higher than 600 kg. and the ceiling not to exceed 4,000 m. 
Under these restricting rules German commercial aviation kept up air traffic 
during five years. That she was capable of competing with the unrestricted 
foreign countries, and besides create an organisation for air traffic, can only 
be concluded from the fact that all forces were compelled to work for commercial 
aviation. In this way the first practical and applicable commercial airplane, 
the Junkers F.13, was built, a type which for a long time in Germany was 
taken as a standard type and flown in nearly all other countries. From = the 
moment of acceptance of the restrictions of the ‘‘ nine rules”? the German aero- 
political aim was to come back to the Treaty of Versailles. It was only after 
five vears that our endeavours resulted in a positive ending.  \fter the change 
of the restrictions which the Ambassadors’ Conference suggested to Germany in 
the middle of 1925 did not lead to an agreement, there commenced in December, 
1925, negotiations between the delegates of the German Ministry of Trans- 
portation and the Ambassadors’ Conference in Paris, with the aim of achieving 
new regulations, taking the altered technical and economical position into 


consideration. After a duration of half a vear these negotiations came to an 
end on May 7th, 1926. In regard to commercial aeroplane construction and 
civil aviation, Germany had now a free hand. The positive result of the aero- 


nautical negotiations in Paris was the inauguration of the first) Franco-German 
air line Berlin-Paris. Furthermore, the aero-political atmosphere in the occupied 
area, that is the Rhineland, so far was released, as the stipulations of the 
Rhineland Commission, which regulated aviation in the occupied zone, i.e. for- 
bidding German civil aviation, was annulled and the German air sovereignty was 
again restored. 

After this short outlook about the development of the aero-political position, 
we turn again to the tasks of the particular air trafic companies of the different 
nations and international co-operation which result compulsorily out of the 
characteristic quality of the flying machine, namely, speed. 
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The international air traffic association IATA, a society of air traffic com- 
panies of almost all European states, is a vivid testimonial for it. On August 
25th, igig, the TLVEA was founded in the Hague. I may mention briefly that 
the first mutual work of the IATA, after its founding, was the erection of an 
international air traffic service between Denmark, Germany and Holland in the 
year 1921. In the vear 1922 followed a German-Dutch-English trafic line. 
At the time being more than fifteen companies are members and nearly all of 
them have working agreements or are co-operating together on various lines, 
often combined with pooling arrangements. 


Germany’s Tasks 


Looking at the above sketched poiitical situation of to-day, it is not 
astonishing that in close connection with the favourable development of the 
German commercial aviation, voices from abroad have come to us, 
saying .that Germany strives for the supremacy in European air traffic. From 
all reasons quoted above, it must be said that this is an error. Germany solely 
fulfils an economical and cultural duty, imposed upon it by its geographical 
position. 


Geographical Position 


All economically important lines and also the highways of air traffic on the 
uropean continent lead from the north to the south, from east to west over 
German territory. Well known is the quotation of Sir Sefton Brancker : *‘ Berlin, 
the air-cross of Europe.’’ Therefrom ensues for Germany the task to bring 
the organisation of its commercial aviation to such a high standard that it 
corresponds with all the requirements of the European nations for whose 
economical endeavours Germany has the character of a transit country. The 
exclusive aim of German commercial aviation is therefore to work at the com- 
pletion of a world’s air trathc, firstly for Europe, then following for all other 
continents. How little the German air traffic aims to achieve an imposing: position 
in any way is shown by the tact that the German Luft Hansa A.G. principally, 
when she desires to lay a new air traffic line into another country, asks the 
respective air traflic company of the country to participate in the service on the 
new line. 

Every uninfluenced observer of European conditions must admit, and from 
my explanations results with forceful logic, that Germany since 1918 is not in 
the position to make a politically powerful instrument out of its air traffic. The 
often uttered thought that civil aviation, commercial aviation, serves exclu- 
sively to improve traffic and commerce, the peaceful undertakings of the 
merchant, in short, the cultural progress—this to every German well-known 
mentality is not a phrase but the purest aim of German air tratlic endeavours. 
The best proof for Germany's recognition of its ideal task, the times demand is 
that it does not use the organisation of its air traffic only for itself, but puts it 
at the disposal of all European states, which on a transit flight or entering flight 
are making use of its aerodromes. Service for Europe, service for the progress 
of civilisation—that is the great national thought which leads above political con- 
troversies of the day, the aim, that in the large world’s economical associa- 
tions, the World’s Postal Union and the World’s Telegraph Union, has already 
been achieved. Conceived in this sense, Germany has not only the right, but it 
is her duty, to bring her air traflic to such a standard that it is serviceable to all 
states which do not disclose themselves to the justified needs and demands of 
modern traffic. 
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DISCUSSION 


Colonel THE MAstTerk OF SEMPILL: It would be difficult to express adequately 
our admiration of Major \Wronsky’s paper and our thanks to him for coming 
over from Berlin solely for the purpose of addressing us. ; 

It can be clearly seen that the German people are, as Sir Samuel Hoare 
would express it, “‘ air-minded,’’ in fact there can be no doubt that they have 
been in this very desirable state of grace for twenty years, but unfortunately we 
have yet to see the British people follow their example. The Society has seldom, 
if ever, had such a distinguished audience. There can be no doubt that this is 
largely due to the presence of Major Wronsky, but in part it must be due to 
the sudden appearance of that beacon of uncertain sex, ‘* Neon.”’ 

The Society has for a long time been endeavouring, witiiout success, to 
obtain a paper on somewhat similar lines to that to which we have just listened 
from someone on the Stati of Imperial Airways. It is perhaps fitting that 
we should have had this paper from a Director of the Luft Hansa, the largest 
air trafic organisation in the world to-day. We have been able to learn a 
great deal and cannot fai] to admire this wonderful organisation and the great 
work it is doing in showing the world the benefits commercial aviation can bring. 

The Lecturer was to have broadcast a summary of his paper from 2LO 
to-morrow, but unfortunately the talk that had been arranged for could not be 
postponed. The British public will be undisputably the loser but may console 
itself with the fact that the talk will take place in about a month’s time. 

We should like to hear a great deal more of the comparative tests between 
monoplanes and biplanes. The majority of machines are monoplanes and it would 
be of the greatest interest to learn as to whether the Luft Hansa do not find 
that the advantages of this type from the commercial point of view far outweigh 
its disadvantages. Is not the monoplane more economical to maintain in service 
and more comfortable from the passengers’ point of view as regards comparative 
absence of noise? In the paper tribute is rightly paid to the Directorate of 


Civil Aviation and in particular to the Director thereof. As an individual he 
has done more than anyone to advance in all directions the cause he has so much 
at heart. His department must be strengthened and its work extended. We 


must urge this and thereby pay the highest compliment that we can. 

This evening we have in the audience a most distinguished statesman who 
has done a very great deal in the past, the distant past before 1914, to advance 
the cause of aeronautics. To-day he is still showing his faith in this new 
science by directing those essential and fundamental researches on which progress 
depends. It is with great pleasure that I cali upon Lord Haldane to open the 
discussion. 


Lord Hanpane: IT ought to be at this moment in the House of Lords, but 
I much prefer to be here listening to Major Wronsky. I have heard his address 
with real interest and for a special reason. It reminded me of the principles 
of all successful administration—nothing can be done without adverse criticism 
and without going into details in a spirit of thoroughness. In his admirable 
address, free from any self-consciousness, Major Wronsky has shown us how 
the organisation of the Luft Hansa has been founded on principles and pursued 
minutely into details. That is in accordance with the genius of his great nation. 
For myself, I have learned a good deal from Major Wronsky. 

Two things have specially struck me. The curves of traffic are going up, 
not only on post and freight traffic, but on passenger traffic. They go up aided 
by the lengthening of the distances which the aeroplane travels. They go up 
for this reason. It is an expensive business having a large aerodrome from 
which to start your traffic, possibly it is some distance out of the town, and it 
takes time and costs money to get there. That is a very serious thing for short 
lengths of travel, but not for a long journey, when people go prepared for a 
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long affair. Consequently the strength of the passenger traffic at least of the 
Luft Hansa resolves itself to this, that it has been laid out for long tracks. 
Fortunately for air traffic there are no frontiers. I hope there never will be. 
The working out of these lines may be simplified in future. 


There are new developments going on. Take the Autogyro. It is still in 
an elementary stage, but not vet a commercial proposition. It enables you to 
rise quickly and also come down quickly in a small compass. It comes down 
as slowly and safely as the Master of Sempill in his aeroplane. The Autogyro 


may be a very important solution of the problem of how to start from and come 
back to a small area, at least with small machines. Short flights will be made 
possible by it. 

For myself, | am convinced that we are now at the stage that our forefathers 


were with regard to railways. There were many absurdities at that time as, 
for instance, the account of the man who asked George Stevenson what would 
happen to a train if it encountered a cow on the line. ‘* The waur for the 


coo,’’ said Stevenson. It would be the worse for those who put difficulties in 
the way of this new form of traffic, which is becoming a necessity to the human 
race if we are to reduce the distances of the world to the proper compass. 

This address has been founded on the principles on which all great business 
must be founded. The story of the Luft Hansa has been told so admirably by 
Major Wronsky that he has made a vivid picture of it for some of us. 


Mr. HanpLrey Pace: It is extraordinary to see from Major Wronsky’s paper 
how much development in Germany has taken the same lines as in this country. 
First of all we had separate companies operating, followed by a series of subsidy 
changes which have resolved themselves into a company under Government 


control. As the large proportion of the receipts come from the Government it 
must, to a great extent, be controlled by it. I do not mean that the Government 
is a munificent sort of god to which we can all look for help. kar from it. 1 


speak in the presence of an ex-Secretary of State for Air and he will correct me. 

It comes back to the fact that we are largely dependent on Government aid. 
I was very much surprised to sce how far the Luft Hansa is dependent on the 
Government—to no less than 7o per cent. If that be the case, and that per- 
centage does not drop rapidly, then civil aviation will never become commercial 
aviation. \Ve must have a change. 

Colonel Sempill has shown on the blackboard the figures demonstrating the 
development in mileage flown, passengers carried, and freight carried here and 
in other countries. There we see that the passengers carried on the British 
lines were about 16,000 and the subsidy during the corresponding period was 
£160,000. So we paid £10 per passenger, a figure which would be cheering 
only to Neon. If we are going to cut that we want to have development not 
only on. the operational side, but also on the technical. I was very pleased to 
see that the Luft Hansa have a technical advisory committee, comprising the 
leading men of the aeroplane industry, whose business it is to help them with 


aircraft and their development. It is only by the close co-operation of these 
bodies progress can be made. 

I should like to refer again to Colonel Sempill’s diagrams. The curve of 
miles flown on the British lines is steadily dropping. I think that is rather 


deplorable after we have spent so much on civil aviation. 

Major Wronsky, in his paper, refers to the comparison between the biplane 
and the monoplane. J do not know if he now has any further figures regarding 
their cost and upkeep that he could give us. If he had it would be very 
interesting. 

Of course when civil aviation is discussed the Autogyro must be introduced ; 
if not into the paper, then in the discussion. Neon describes it as the Flapper 
of the Air, and therefore appealing very greatly to the Director of Civil 
Aviation in this country. | think that when we look at what is going to 
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happen in aviation we shall find that development will not proceed on any new 
and extravagant lines, but is more likely to come about by organised research 
on the vehicles we have now. In my opinion, the main outlines are now fixed. 
What is wanted is a great deal of hard work by operators and manufacturers 
developing the present forms of aircraft. [I rather disagree with the last 
speaker, and think we ought to develop what we have got rather than look 
for something which I, personally, think will not be found. 

Lord THompson: [ feel that this is essentially a case for the expert and | 
am not one. However, there is one point in Major Wronsky’s paper which 
struck me as very interesting and it is one which I discussed when I was in that 
position in which Mr. Handley Page might have thought I was a “ beneficent 
god.’’ I understood Major Wronsky to say that only 30 per cent. of the actual 
cost of the mileage flown by the Luft Hansa is covered by the direct revenues 
of the trafic, while the remaining 70 per cent. is provided out of public funds. 
I should much like to ask him whether that amount of subsidy was fixed when 
the Nine Rules were in force and whether it has since dropped. 

I remember when I was fighting against the Nine Rules that I came to 
the conclusion that it was impossible for Germany to go on with commercial 
aviation while they persisted. It always struck me as an amazing thing that 
civil aviation existed at all under those Nine Rules. If it requires a 70 per cent. 
subsidy now, in the absence of the Nine Rules, what did it require when they 
did exist ? 

The tragedy to my mind is that commercial aviation does not pay. [ think 
the solution for us lies in the development of Empire routes. [-do not think that 


anybody could have believed that we should ever make commercial aviation 


pay if we kept within the boundaries of this country. For one thing, the 
competition of railways and motors is too great. If we had unlimited space 


it would be another thing. Long routes to the farthest points of the Empire 
ought to be our aim. Then the time factor will be decisive, and no one in a 
hurry will be justified in using any other means of transport. 

If Major Wronsky could answer my question at some time I should be 
very much interested. 

Colonel Ivo Epwarps: I should like, first of all, to congratulate Major 
Wronsky on his extraordinarily interesting paper and, at the same time, to 
thank him for the immense amount of information he has given us. 

Several speakers have drawy attention to the figures quoted by Major 
Wronsky which show the percentage of total takings due respectively to the 


receipts from traffic and from subsidy. These figures will, I am afraid, create 
a certain amount of alarm and depression, because the Press will naturally draw 
attention to these figures. There is, however, no need for alarm. Aviation is 


still acchild, and a very young child at that, and, like all children, it needs 
support in its early days. However, the child is growing tery rapidly, and 
especially in Germany, as the figures relating to the increase in traffic which 
Major Wronsky has shown us prove. The proportion of receipts due to subsidy 
and to earnings will very quickly change places so that the present percentages 
will be reversed, and not long after that it is hoped that the subsidies will 
disappear altogether. 

There are many factors which must be taken into consideration when studying 


the present day cost of civil aviation. To-day, fares are high because few people 
travel by air, we are revolving in a vicious circle. People say they cannot travel 
by air while the fares are high and until they do fares must remain high. The 


process of evolution will solve the trouble, the only way out is to induce more 
people to travel by air when costs will automatically come tumbling down. 
Then again we are to-day using aircraft which have by no means reached the 
last word in perfection. Great strides are being made in aircraft design and 
I believe that the day is not far distant when we shall have machines which, 
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given a reasonable load factor, will be capable of paying their way. We have 
been operating under many disadvantages but we are reaching the day when the 
receipts from traflic alone will be suthcient to pay for the operation of services. 

I was very much interested in Major Wronsky’s account of the part played 
by municipalities and other public bodies in raising funds for air transport. | 
personally feel that our municipalities might do far more than they do tor civil 
aviation. 

I did hope that Major Wronsky would have given us some definite information 
as to the relative cost of operation of the monoplane versus the biplane, and 
IT would ask him, if he has any figures available, if he would enlighten us on 
this subject, which I consider very important, as, for the purpose of civil aviation, 
I am a strong believer in the use of the monoplane, which I feel convinced has 
many advantages over the biplane. 

Brigadier General P. R. C. Groves: After listening to Major Wronsky’s 
admirable lecture 1 have one dominant feeling, and that is regret that it has not 


been broadcast to the whole of England. It would act as a healthy corrective 
to that much advertised book The Great Deluston, which typifies the scepticism 
and pessimism of many people in this country in regard to the air. That attitude 


could not be maintained if the truth in regard to the actual achievements of 
civil aerial transport, particularly German air transport, were generally known. 
Nothing is more striking to anyone who has visited Germany recently than the 


extraordinary public interest there in aviation. Her splendid system of aerial 
transport, which Major Wronsky has so graphically described this evening, is 
an object lesson to the world. It is particularly an object lesson to us. The 


British Empire is an ocean state and as such is particularly dependent upon 
communications, and we certainly cannot afford to fall behind in the development 
of this new form of transport which, as Major Wronsky has so aptly expressed 
it, makes for culture and progress. That is another way of putting the old saving 
that transportation is civilisation.”’ 

Our present scepticism in regard to air transport in this country recalls the 


reception given to new forms of transport in the past. The motor car was hailed 
with derision. Its development was arrested for years by a law which required 
a car to be preceded by a man carrying a red flag. And when that ban was 


removed the new vehicle was the subject of cartoons in the comic press and 
Music Hall skits. Some of you may remember a very amusing one by Harry 
Tate. 

The locomotive received a similar reception, one writer declared that it was 
“contrary to the law of God because it would prevent cows grazing, hens laying, 
and would cause ladies to give premature birth to children at the sight of these 
monsters rushing through the country at 44 miles an hour.”’ 

I read not long ago an extract from an Editorial in the Quarterly Review of 
1825 which ran as follows : 

“What can be more palpably absurd and ridiculous than the prospect held 
out of locomotives travelling twice as fast as stage coaches? We should as soon 
expect the people of Woolwich to suffer themselves to be fired off upon one of 
Congreeve’s ricochet rockets, as trust themselves to the merey of such a machine 
going at such a rate. We will back old Father Thames against the Woolwich 
Railway for any sum. We trust that Parliament will, in all railways it may 
sanction, limit the speed to eight or nine miles an hour, which we entirely agree 
with Mr. Sylvester, is as great as can be ventured on with safety.”’ 

We laugh at this to-day, but is it not possible that a few years hence some of 
us will in turn be laughed at for our present attitude in regard to air transport ? 

I should like to add my tribute to that of other speakers and congratulate 
Major Wronsky on the really wonderful achievement of German aviation. In 
that sphere she now leads the world, and that position is itself a standing tribute 
to his organisation and to German enterprise. 
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Captain Sayers: I was particularly interested in the statement that the 
Albatros L73, which | gather is a biplane made of welded steel tube, is definitely 
cheaper than aeroplanes of any other construction. Major Wronsky said, when 
reading the paper, that it was cheaper than any other all-metal aeroplane. | 
should like to know whether the spoken or written word is the cortect one. 

It is also interesting to note that in this country we are not allowed to use 
this form of construction. From this it appears that scepticism nearly as strong 
as that of ‘* Neon *’ exists in those departments of our Air Ministry which are 
supposed to encourage aviation. 

Major F. M. Green: [ agree with the other speakers in thanking Major 
Wronsky for coming here and giving us a most interesting lecture. I hope that 
he will add to our indebtedness by giving us some more information which was 
not contained in the lecture. Very few figures were given, and the statistics 
of performance, load carried, and general characteristics of the aeroplanes used 
on the German lines would add immensely to the value of the lecture. Major 
Wronsky stated that an aeroplane made mostly of steel was the most economical 
machine for upkeep that they had used, and that aeroplanes made principally of 
aluminium alloys were more expensive to buy and to maintain. As a number 
of aluminium alloy aeroplanes have been in use in Germany for a considerable 
time it would be very interesting to hear Major Wronsky's experience of the 
reliability and endurance of these allovs. My own experience is that aeroplanes 
of steel construction may be expected to have an almost indefinite life, and |] 
shall be glad to know if the experience in Germany shows that the aluminium 
alloys in use are as completely reliabe. 

Brigadier-General H. OsBorxne Mance: should like to refer to one point, 
the relation of civil aviation to other forms of long distance civil transport, namels 
railways and shipping. Obviously these services are to a certain extent competi- 
tive, and it looks at present as though the final relations between them are to be 
determined through a painful process of cut-throat competition such as is now 
going on between railways and motors. It seems to me that experts ought to 
be able to foresee to what extent civil aviation is bound to be competitive, and 
in what directions co-operation can be effected, so as to utilise the most suitable 
forms of transport to the best advantage. If Major Wronsky could give us his 
views on this point it would be of great interest. 

Mr. M. H. Vo_k: Speaking as an air passenger, having just returned from 
a nearly gooo mile tour by air, chiefly on one of our own machines, but also on 
certain European ones, I should also like to compliment Major Wronsky on the 
ground and traffic organisation generally, of what little 1 saw of the Luft Hansa. 

I was also impressed with the great consideration and care shown for the 
comfort of their passengers, from the moment of booking their passage, and 
also the great speed with which one was cleared through the Customs etce., 
thus cutting down terminal time losses; which remarks also apply to the Dutch 
Line. 

T was also interested in the almost universal use of monoplanes, as compared 
to biplanes used in this country, and would like to join with the previous speakers 
in asking for more information on this point. 

Mr. C. G. CoLesprook : One point which interested me very strongly was 
the proportion of revenue to subsidy. 1 should be very grateful if Major Wronsky 
could elaborate that to some extent. Has the proportion of subsidy dropped 
with the increase of passenger trafic? If it has not it seems to suggest a most 
unfortunate position for commercial aviation in Europe, though there is evidence 
that a different state of affairs operates in regard to extra-European operations 
in the British Empire. 

Mr. M. L. Bramson: Of all the interesting things which Major Wronsky 
has told us, I think the most interesting is that when a passenger takes a ticket 
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for a German machine he automatically has his life insured for an amount which 
works out at well over £1000. There is nothing like that in this country, and I 
think it is one of the greatest steps which Germany has taken for increasing 
the trafic on her passenger routes. One cannot too much emphasise the need 
for such insurance here. It is not sufficiently realised how necessary it is to 
increase our passenger trathe. 

It seems to me that it is not being sufficiently realised, either, that aviation 
will become commercial as soon as the law of supply and demand begins to 
operate in a favourable sense. At present, there is an excess of supply over 
demand, and no matter how economical air transport were made technically, it 
would never pay so long as that position is not reversed. When it is reversed, 
then the thing becomes a luxury, everyone wishes to have it and enough will 
insist on having it, whatever the cost, so that in such conditions even. civil 
aviation would pay. 

It would be extremely interesting to know whether the multi-engined machines 
in the service of the Luft Hansa will fly after failure of one engine, and if so, 
whether this has any bearing on the favourable insurance situation which has 
been mentioned. 

Mr. N. Hutsert: I should like to add my thanks to Major Wronsky. I 
came here to learn, and have learned a great deal. 

I have two questions to ask Major Wronsky. Firstly, in view of all the 
things that have been said in this country about our machines and the number 
we have engaged in air trathe, could he tell me the total number owned by the 
Luft Hansa? 

Secondly, he referred to the participation of municipalities, but gave us no 
details of that) participation. In England, if one asks for participation from 
municipalities for aviation enterprises one does not get a very favourable response. 
Consequently [T should like to know the extent to which German municipalities 
participate in commercial aviation. 


Dr. AktHUR Haypon: I have one question to ask the lecturer. He referred 
to the long routes which are flown on the Luft Hansa. With regard to the 


man power, on these long journeys I should be interested to know whether more 


than one pilot is engaged. 1 suppose on all these long journeys two or more 
able because of the continued strain being too great on one 


] 


pilots would be avai 


man. 


REPLY 


Kirst of all I] wish to thank you most sincerely for the kind encouragement 
you have given me. 
| 


I must disappoint some of the speakers because | am not a technical expert, 


so I cannot answer the questions about monoplanes or biplanes and other technical 


things. I am afraid that it would have been wiser not to have mentioned the 
proportion of subsidy being 70 per cent. I thought that that figure was accepted 
by everyone in civil aviation, having been found out in 1924-25, but that was 
the time of the nine rules. The Luft Hansa was founded on its present scale only 
in 1926, and the balance sheet for that year is not vet ready. We hope that 


we shall reduce this figure considerably. 
In answer to the question, ** When will civil aviation become a paying pro- 
position 2"? I can only say that steamboats are getting subsidies after 50 years’ 


development. Even now Mussolini is paving an enormous amount of subsidy to 
the Italian steam navigation companies. Immediately before the war the British 


companies here received large subsidies, so did German and French companies. 


I will not mention that railways and canals are often by no means paving pro- 
positions. We do not develop trathe for the traffic. we develop it for trade, and 


therefore it 1s often necessary to provide subsidies. ven if it takes ten years 
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or more to put aviation on a paying footing, provided that we can carry enough 
merchants, or develop a large amount of trade it is still a paying proposition. — It 
is the same thing with canals, where boats pay a ridiculous small amount per 
kilometre, whereas the cost of building canals and their keep-up are enormous. 
They can never be a paying proposition, but they are needed to develop trade. 

Before aviation can become a paying proposition constructors must construct 
a machine with a better proportion of useful load, greater speed and greater 
reliability. It is not only a question of construction, but of comfort. Comfort 
means everything that can be done for a passenger, from the moment he takes 
his ticket to the end when he leaves the car. One must visualise the treatment 
of passengers in every detail. Speed, reliability and comfort will make people 
fly and pay the necessary fares. Those are the great questions which will lead 
some day to making flying a paying proposition. 

In answer to the question as to whether big machines carry two pilots or not, 
I can say that they have two in Germany on multi-engined machines, or one pilot 
and one mechanic who can take over when necessary. 

With regard to co-operation with other forms of transport, in Germany we 
are in close co-operation with railway administration. We are going to sign 
a contract with Jerman Reichsbahn to accept freight for our Company, making 
it possible for consignees on the Luft Hansa to transfer goods to and from the 
railways. 

One speaker asked if our three-engined machines will fly on two engines. 
This is a very difficult question. To speak quite frankly, they will fly on two 
engines in about the same proportion as I have mentioned with the subsidy. In 
zo per cent. of the cases they will fly, but in 30 per cent. they will not. 

I think Mr. Handley Page will say I am right in prophesying that it is only 
a question of two or three vears before a really reliable multi-engined machine, 
that will fly on two engines, is produced. 

The number of big air-liners in our service at the time being is 18, whilst 
the total number of aeroplanes in our service is, as | have mentioned, 12¢. 

With regard to how we obtain the participation of municipalities in’ civil 
aviation. It is a question that is difficult to answer. It has something to do 
with the structure of Germany, having the different countries and so many different 
towns with a strongly developed commercial life and with great ambition. 


Mr. Vicror Matcoum (Contributed): As a preface to these few impressions 
of the Continental air route as I found them at the end of last year, I think it 
is advisable to say that I am completely devoid of any technical knowledge what- 
ever—a fact that will become self-evident as the reader proceeds—and _ previous 
to leaving London on October 26th, I had never sat in an aeroplane at all. 

Having now made this confession, I can proceed to the trip itself, which 
was a judicious mixture of business and pleasure, lasting three months and covering 


nearly every country in Europe except Spain and Russia. The essentials were 
(1) arrival at the earliest possible moment at the next place on the route and (2) 
arrival at the scheduled time, in order to keep business appointments etc. It 


was therefore decided to do most of the journey by aeroplane, which did not 
interest me very much more than taking a taxi instead of the Underground. | 
was naturally curious to see countries from above, still more interested in the 
comfort of the machine, and positively aching to know whether I should be 
ill or not. 


The first luxury is the kindly interest shown in the passenger by the companies, 
who take him from London hotel to Paris hotel or Brussels hotel without any mental 
strain on his part in finding luggage and taxis, tipping porters and so on. This 
is a blessing that has to be experienced to be realised. Another of the same 
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tvpe is the remarkable speed with which the customs and passport authorities 
deal with the traflic. Before the singing has died out of your ears, passport 
and customs are finished and a paternal company is driving you to your destination 
in a luxurious car. 


Now for the actual machines, and | must, in justice, say that the only two 
Nights I did in English aeroplanes were in old-type machines I am told, so that 
the comforts of the Deutsche Luft Hansa and Austro-Hungarian lines probably 
impressed themselves upon one in an exaggerated form. The rattles are nil, 


the roar of the engines is not excessive—that is to say, it is quite possible to 
carry on a conversation—the windows open and shut, the seats are comfortable 
and provide plenty of leg-room, and _ finally, the crowning blessing, you may 
smoke. Unfortunately, none of this little eulogy is applicable to the British 
aeroplanes in which I have traveiled, but there is just one feature which struck 
me very forcibly in every machine, without exception. I am referring to the 
lack of vibration and general stability, which is amazing. Letter-writing, for 
instance, is next to impossible in a moving railway train, whereas in mid-air it 
is as easy and comfortable as in a hotel. 

Now comes the real crux of the whole matter: how far can one rely upon 
arriving at the scheduled time?) Only twice during the whole trip was I late 
in arriving at my destination, and on both occasions the delay was due to misty 
weather. The first occasion was a late start by the Berlin-Malm6 express, which 
prevented it getting further than Copenhagen before dark, which made twelve 
hours difference in the time of arrival at Stockholm in the train, and was a most 
infernal nuisance! The second occasion was on a hurried trip from Stockholm 
to Berlin when the Malm6-Berlin express kept its passengers waiting four hours 
before deciding not to leave Malmé. This meant missing the train to Berlin, 
and an extra eighteen hours lost in transit. Now I have no doubt that there 
were perfectly sound reasons for the delay on both occasions, but it occurs to 
me that, rather than making the machines more luxurious and comfortable every 
day, the line of advance should be towards achieving that clockwork regularity 
in all weather conditions which will attract the passengers to travel by air for 
other reasons than novelty. 

These few observations may seem extremely obvious to most, but let me point 
out that the expert travelling by air would not observe the lack of leg-room 
in a machine, being too engrossed in the more technical points, and would invari- 
ably find some technical advantage to compensate for the lack of comfort, so that 
perhaps my remarks may be of some interest after all. 

Sir Vyetn Vyvyan: There has fallen to my lot a very pleasant duty, that 
of moving a very hearty vote of thanks to Major Wronsky for his excellent 
paper, .and the very able way in which he has answered the questions—some of 
them very difficult. 

We are all of us very -much indebted to him for coming here, and I hope 
his propaganda for civil aviation will bear fruit in this country. 


